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'How, _under such circumstances can animal-life survive? 
The Arctic foxes, prudent in their generation lay up 
store of sea-fowl for winter consumption; the Polar 
bears hibernate; but the [Svalbard] reindeer? -- they 
do survive, but who can say how~' 
Abel Chapman (1924:33) 
PREFACE 
The work described in this dissertation was carried out from 
the Research Group in Mammalian Ecology and Reproduction at the 
Physiological Laboratory, University of Cambridge under the 
supervision of Professor P . A. Jewell . Chapters 6 & 7 were written 
at the Department of Arctic Biology, University of Trams~ . This 
dissertation is the result of my own work and includes nothing 
which is the outcome of work done in collaboration . No part of 
this dissertation has been submitted to the University of 
Cambridge or any other University for consideration for any 
degree or diploma . 
THE MAB PROJECT IN SVALBARD 
In 1971, the United Nations' organization UNESCO launched a 
programme whose general objective was to encourage the different 
countries of the world to take direct and co-ordinated action 
towards developing and improving use and conservation of the 
renewable natural resources of the terrestrial biosphere . 
called the Programme on Man and the Biosphere (MAB) (UNESCO 
1972). 
It was 
One of fourteen Projects specified under MAB was called 
'Impact of human activities and land use practices on grazing 
lands : savannah, grassland (from temperate to arid areas), 
tundra '. Later , 'tundra' was shifted to a Project called 'Impact 
of human activities on mountain and tundra ecosystems'. It 
carried with it emphasis on the importance of herbivory by large 
mammals (UNESCO 1974). 
Norway ' s participation in the MAB Programme was debated in 
Stortinget (the Parliament) in Oslo in 1974 (Halvorsen 1974). A 
prbject called 'Man's influence on the productivity and yield in 
mountain and arctic ecosys tems ', recommended by the Norwegian 
Mi nistry of th_e Environment, was accepted . The principal area o f 
interest for Norway was the High Arctic archipelago called 
Svalbard. These islands have been part of the Kingdom of Norway 
since 1920 (0streng 1977). 
The MAB 'Svalbard Project' was commissioned to work for 10 
y e ars from 1975. It was directed that the firs t phase of the 
work should concentrate on describing "Svalbard's most important 
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"terrestrial mammal the Svalbard reindeer's sensitivity 
"to human activities, reindeer grazing lands' optimal carrying 
" capacity and other population regulating factors ." (Halvorsen 
1974). 
A steering committee of six, plus two consultants and a 
project leader (Dr Philos (now Professor) N.A.0ritsland) were 
responsible for scientific management of the project . Adminis-
tration was the responsibility of the Norwegian Polar Research 
Institute . Field work started in summer 1975 and was concluded 
in 1983. Research was conducted in three main areas: vegetation 
mapping, ecology of the soil and the ecology and physiology of 
reindeer . The project used a budget of about GBP 80 OOO per 
annum . A final report was published in 1985 (0ritsland 1985) . 
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SUMMARY 
A field study of growth, body composition and the demography of 
Svalbard reindeer Rangifer tarandus platyrhynchus was carried out 
between April 1979 and Sept. 1984 in Adventdalen (750 km2) in 
Svalbard, 78°N lat., to determine the potential significance of (i} 
the food supply and (ii) the weather in determining the rate of 
increase and abundance of reind~er. The study was based on measur-
ing (i) total numbers, annual rates of birth and mortality and (ii) 
the total dissectible fat content (TDF) of reindeer shot throughout 
the year. All reindeer and carcasses were counted on foot once each 
summer. The disarticulation and disappearance of 78 carcasses was 
followed for five years. Carcasses usually remained in situ, with 
at least 50% of bones present, for not less than two years after 
death. Radio-tracking showed that the reindeer were sedentary and 
used small (ea . 5 km2), traditional, seasonal home ranges. The 
population was stable but not constant: numbers fluctuated between 
401 and 771 reindeer (2.7-5.5 reindeer per km2 productive ground). 
There was pro~ounced variation in annual rates of fecundity (9.0 -
73.3%), mortality (1.5-25.7% of the population) and dispersal (0-
25.1% of the population). The annual rate of increase (~) 
fluctuated between +43 and -47%. Mortality (of calves and adults) 
accounted for 46% of total annual losses and was a major factor 
limiting numbers: the principal single cause of variation in~' 
however, was variation in the annual birth rate. It is suggested 
that reproductive failure was caused by resorption of foetuses 
induced by acute starvation. Ninety percent of all natural mort-
ality occurred in the second half of winter; 83% of all deaths were 
due to starvation. Calves suffered higher mean rates of mortality 
than both males and females aged ~1 yr (35.8, 15.8 and 9.3% per 
annum, respectively), Reindeer were fat in autumn (TDF = 17% total 
body weight in adult females) and lean in late winter but survival 
was probably influenced principally by the supply of food in winter 
rather than the extent of fattening in summer . A model of a rein-
deer's energy balance showed that despite large autumn reserves of 
fat and muscle, a non-pregnant, adult female would normally have to 
meet not less than 75% of her daily energy requirements in winter 
by feeding. Survival also appeared to be influenced by reindeers' 
ability to process food efficiently; the molariform teeth of 
reindeer which starved to death were more worn than those of ani-
mals of the same age which were shot. Winters with heavy mortality 
were invariably followed by low rates of calving in spring and 
neither the bLrth rate nor the rate of mortality was significantly 
density-dependent across years. Evidently effects of grazing on 
plant biomass in winter were overridden by the effects of random 
variation in the weather. It seems that food shortage in winter can 
arise in several ways: through low production of forage in summer, 
through reduced availability of forage due to snow and ice and 
through increased competition. There was no evidence that weather 
conditions were exceptional in years when numbers declined . It is 
suggested that periodic die-offs and subsequent low calving are an 
integral part of the ecology of Svalbard reindeer. The population 
may be susceptible to the effects of weather because it has reached 
equilibrium with the winter food supply. This contrasts with a 
previous suggestion that severe winter weather might keep popula-
tions of Svalbard reindeer below ecological carrying capacity. 
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TERMINOLOGY 
'Regulation' of animal abundance. 
Populations of animals do not change size spontaneously but 
usually in response, either directly or indirectly, to changes in 
the environment. All populations are ultimately limited in size 
but the density of animals may be influenced, or controlled, in 
a variety of ways. I distinguish between regulatory and non-
regulatory processes which influence the abundance of animals . 
The terms 'regulation' and 'regulate' are normally used in a 
restricted sense in population biology. I have followed the 
definition of Krebs (1970) 
' . . . the terms 'regulation' and 'regulate' refer only to the 
influence of density-dependent processes on the population. 
The terms do not refer to any density-independent factors 
which may cause year to year fluctuations in numbers ... 
'Regulation' refers to processes which compensate for 
disturbances from particular level of abundance, but the 
level of abundance at which the population is regulated may 
vary greatly according to numerous features of the environ-
ment. Thus the overall abundance is influenced by (i) 
regulatory processes (which are density-dependent and 
stabilizing); (ii) density-independent factors , causing 
short term fluctuations; (iii) the general nature of the 
habitat, which determines the level about which the 
population fluctuates and is regulated.' 
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Chapter 1 
THE ERUPTION OF REINDEER IN SVALBARD 
1.1 REINDEER AND OTHER MAMMALS IN SVALBARD 
0 
Svalbard is the name of a group of islands situated at 74 -81'N 
0 
lat., 10 -35'E long., roughly half way between Norway and the 
North Pole. 
2 
(39 OOO km 
By far the largest of these islands is Spitsbergen 
Figure 1.1) . Only one species of large, terrestrial 
herbivore, the Svalbard reindeer Rangifer tarandus platyrhynchus, 
lives in this archipelago. 
Taxonomically reindeer and caribou are combined in one 
species, Rangifer tarandus. There are seven extant subspecies: 
TUNDRA REINDEER (five subspecies) - tarandus (Eurasia), groen -
landicus (usually called 'barren-ground caribou'; Greenland & the 
Northwest Territories of Canada), granti (Alaska), pearyi (Canad-
ian arctic archipelago) and platyrhynchus (Svalbard): WOODLAND 
CARIBOU and FOREST REINDEER (two subspecies) - caribou (Yukon 
Territory and British Columbia) and fennicus (Finland and the 
Soviet Union) (Banfield 1961, Calef 1980). A further thirteen 
sub-species have been defined in the past but these distinctions 
have fallen out of use (Skjenneberg and Slagsvold 1968) . 
There are about 9 OOO wild reindeer in Svalbard distributed 
over the four main islands (Figure 1.2) . It is not known for 
certain when or from where they came . They were not introduced . 
Recent studies of allelic variation indicate that platyrhync hus 
dive rge d f r om tarandus ( Eurasian tundra reindeer) approximately 
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Figure 1 . 1 Maps of Svalbard. 
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Figure 1.2 
Distribution and approximate number of reindeer in different 
parts of Svalbard in 1980 (from 0ritsland and Alendal 1985). 
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225 OOO years ago (R~ed 1985). Craniometry has confirmed the 
dissimilarity between Svalbard reindeer and extant Eurasian forms 
and, instead, a common ancestry with pearyi and extinct East 
Greenland reindeer eogroenlandicus, with accidental immigration 
to Svalbard as early as 20 OOO to 40 OOO years ago, has been 
proposed (Hakala et al. 1985). 
There are only two other species of terrestrial mammals in 
Svalbard: Arctic fox Alopex lagopus and polar bear Ursus mari-
timus. 
---
There are no rats Rattus norvegicus, lemmings Lemmus sp . 
or wolves Canis lupus. Muskox Ovibos moschatus and Arctic hares 
Lepus timidus were introduced in the 1930s but both species are 
now extinct (L~n~ 1960, Klein and Staaland 1984). Polar bears 
eat seals . Svalbard reindeer thus have no competitors nor 
natural predators (see also Chapter 4). 
1.2 THE DECLINE OF SVALBARD REINDEER 1860-1925 
Svalbard was (re)discovered by Wilhelm Barents in 1596 and 
throughout the seventeenth century people went there in large 
numbers, attracted by apparently limitless stocks of bowhead 
whales Balaena ~ysticetus and walrus Odobenus rosmarus (Norder-
haug 1982) . By 1640, Smeerenburg ( 'Blubber town'), a Dutch 
settlement in Svalbard, had a population of several hundred 
during the whaling season each summer (Hacquebord 1985) . Rein-
deer were evidently both abundant and widely dispersed (Figure 
1. 3) . The early travelers to Svalbard found, moreover, that they 
wer e easy to hunt. They could be "k illed ... at our pleasure, 
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Figure 1.3 
Documented occurrence of reindeer in Svalbard 1610-1925. 
Circles: important reindeer hunting areas at about the turn of 
this century (Wollebaek 1926, Ls6ns6 1959 & 1976), 
Squares: early references to reindeer, as follows: 
Name cited Modern name Date ~ource 
1 Low island of Phipps Phippss6ya 17thC. Martens 1694 
2 Treuenberg Bay Sorgfjorden 17thC. II 
3 Muscle Bay Mosselbukta 1671 II 
4 Renefeld Reindyrsflya 1671 II 
5 Vogel sang Fugelsangen 1671 II 
6 Amsterdam Island Amsterdams6ya 1888 Chapman 1897 
7 Fairhaven Smeerenbergfjord 17thC . Martens 1694 
8 Close Sound Krossfjorden 1610 Poole 1610 
9 Deere Sound Kongsfjorden, 1610 II 
Brs6ggerhalvs6ya 
10 Black Point Salpynten , 1610 " 
11 Coles Park Colesdalen 1629 Pellham 1631 
12 Green Haven Grs6nfjorden 1610/29 Poole 1610, 
Pellham 1631 
13 Bell Sound Bellsund 1610/29. II 
14 Horn Sound* Hornsund 1610 Poole 1610 
15 Edges6ya Edges6ya 1743-9 Ls6ni6 1959 
* Antlers, but no reindeer. 
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"which was a great refreshing to us in that unquoth (sic) place" 
(Poole 1611). The animals were an important source of fresh meat 
for expeditions of all kinds (Martens 1694). 
The extent to which Svalbard reindeer were hunted during the 
eighteenth and early part of the nineteenth centuries is not 
known. Whaling continued until about 1800 and walruses Odobenus 
rosmarus were hunted throughout the nineteenth century (Norder-
haug 1982), although it is likely that fewer people were involved 
with this. Desultory reports confirm that hunters did not lose 
their taste for reindeer meat (L~n~ 1959) but it seems certain, 
nevertheless, that reindeer were still abundant in the middle of 
the last century (ibid . ). 
Interest in Svalbard was rekindled and increased steadily 
from about 1860. Commercial whaling started once more, the 
principal quarry being beluga whales Delphinapterus leucas but 
blue whales Balaenoptera musculus, fin whales Balaenoptera 
physalus and humpback whales Megaptera novaeangliae were taken as 
well (Hoel 1926). Scientific expeditions and tourists began to 
visit the archipelago and several coal mining settlements were 
established there shortly after the turn of the century (NSIU 
1942). Modern _weapons changed the character of hunting from 
primarily a subsistence activity, as it had been for 250 years, 
to both a commercial enterprise and a sport. Whalers carried 
venison back to Norway where they sold it (Wollebaek 1926) , 
trappers lived off it and tourists shot reindeer for amusement: 
" ... hundreds of reindeer were uselessly slaughtered, the 
carcasses often being left where they fell .•. " (Gordon 1922:10). 
6 
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Not less than 20 OOO Svalbard reindeer were killed between 1865 
and 1925: 16 OOO were exported to Norway, where they were 
recorded by Customs, and a further 4 OOO kills were recorded in 
private journals (L~n~ 1959, 1972, 1976; Wollebaek 1926). These 
figures are almost certainly conservative . L~n~ and Wollebaek 
agree that as many were shot and consumed locally as were 
exported . 
From as early as 1831 there are reports that reindeer had 
become locally extinct in Svalbard (L~n~ 1959). Prior to 1875, 
these reports refer only to small, isolated areas but by 1910 
reindeer had become increasingly hard to find in parts of Norden-
ski~ld Land (Wollebaek 1926) and, fifteen years later, scarcely a 
reindeer was seen throughout that entire area (Hoel 1926). In 
March 1921 Adolf Hoel, director of Norges Svalbard- og Ishavs-
Unders~kelser (later Norsk Polarinstitutt), produced a report 
recommending that Svalbard reindeer be totally protected for ten 
years (Hoel 1926). This was accepted and protection was ratified 
by the Starting (Parliament) in Oslo on 7 August 1925, seven days 
before the Svalbard Treaty, under the terms of which Norway 
accepted sovereignty over Svalbard, was formerly ratified 
(~streng 1977). 
There can be little doubt that excessive hunting was a 
principal factor causing the decline in numbers. Whether it was 
the only factor involved will probably never be known . 
7 
1 . 3 INCREASE IN NUMBERS 1925-1975 
It is not known either how many Svalbard reindeer were left in 
1925 or in which areas (and on which islands) the survivors 
remained. Evidently, there were not many reindeer on Spitsber-
gen: Hoel (1926) concluded that the majority survived on relat-
ively inaccessible islands to the east (Nordaustlandet, Barents-
~ya and Edge~ya) but no numbers were known. Four years later he 
reported enthusiastically that the protection order had begun to 
t~ke effect, quoting an estimate made by Georg Bj~rnnes, a 
veteran trapper who travelled over much of Svalbard (Hoel 1930). 
Bj~rnnes thought that were about 1 OOO reindeer in the entire 
archipelago: Hoel's reaction to this suggests that he (Hoel) 
thought that there had been fewer than 1 OOO in 1925. 
Despite Hoel's (1930) optimistic report, the ban on hunting 
was extended indefinitely after 1934 (when the initial ten year 
period expired) because the population apparently "did not show 
the desired increase " (L~n~ 1959). Thirty years later, L~n~ 
himself estimated (from anecdotal evidence) that there were about 
1 200 reindeer in Svalbard, about half of them on Edge~ya. He 
wrote: ''It looks as though Svalbard reindeer are thriving and 
multiplying wherever they are found ." (ibid.) . Heintz (1964) and 
Norderhaug (1969b) subsequently estimated totals of 2 OOO and 
3 700-4 200 reindeer, respectively. Both concluded that numbers 
were still increasing. 
The first true census of Svalbard reindeer was made by 
on 
Norderhaug in 1969 . He counted 1 448 and 484 reindeerJ Edge~ya 
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and Barents~ya, respectively (Norderhaug 1970). Three years 
later, Hjeljord counted 1 568 reindeer on Edge~ya. He concluded 
that reindeer were no longer increasing there (Hjeljord 1975). 
The first cen~uses of reind~er on Spitsbergen itself were 
made in Nordenski~ld Land on snow scooters in March 1971 and 1972 
by members of Longyearbyen Jeger og Fiskeforening (Longyearbyen 
Hunting and Fishing Club) (Gossow and Thorbj~rnsen 1974). 
Alendal and Byrkjedal (1976) covered the same region on foot over 
the following two summers and estimated the total number of 
reindeer by combining the data collected in each year. Their 
figure (5 467 reindeer) was more than double Gossow and Thor-
bj~rnsen's (2 477 in 1972). At the same time, Norderhaug (1975) 
thought that there were not more that 5 500 reindeer in all 
Svalbard. 
Despite uncertainty over actual numbers, reindeer were 
clearly locally abundant by the mid 1970s and the high density of 
animals in some areas gave cause for concern (Norderhaug 1975, 
1982; Reimers 1977, 1982). Norderhaug (1969b) had estimated 
-2 
there to have been between about 0.8 and 0.9 reindeer.km of 
'productive ground' (ground below 200 m a.s.l.; see section 1.7) 
on Nordenski~ld Land during the 1960s . Alendal and Byrkjedal 
(1976) calculated a density there of between 5.4 and 7.9 rein-
-2 
deer.km of ground below 100 rn a.s.l. in 1973-74. This was 
-2 
equivalent to about 3.2 reindeer.km using Norderhaug's (1969b) 
200 m limit and was more than twice what he (arbitrarily) 
considered might be the ''optimal density " in that area. 
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In summary, five main points emerge: 
1) Reindeer were abundant on Nordenski~ld Land and Edge~ya in 
1975. Neither population size(s) nor trend(s) were known for 
certain anywhere in Svalbard. Numbers appeared to be 
increasing only slowly, if at all, on Edge~ya. 
2) The largest increase in numbers since 1925 appeared to have 
been on Nordenski~ld Land. 
3) There had been some dispersal and colonisation of 'new' areas 
since the 1950s (Figure 1.4). 
4) By 1975, reindeer occupied most of the available habitat in 
Svalbard (Figure 1.4). 
5) Although the status of Svalbard reindeer was largely unknown, 
by the mid 1970s the density of animals in some areas had 
increased to a level which gave cause for concern. 
Increased interest and activity in Svalbard in the early 
1970s, particularly the search for oil, prompted a review of 
conservation there (Halvorsen 1974, Norderhaug 1981), At about 
the same time, Longyearbyen Jeger og Fiskeforening requested the 
Ministry of the Environment in Oslo for permission to hunt rein-
deer on Nordenski~ld Land (O.V.Solheim personal communication). 
Permission was refused but Stortinget voted that the MAB Project 
should concentrate on the biology of reindeer because of uncer-
tainty about their status (seep. ii), Prevalence of the hunting 
issue (that there might be 'too many reindeer for their own good ' 
(e . g. Norderhaug 1982)) was reflected in the Project's principal 
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Figure 1.4 
Instances (with dates) of dispersal and colonisation by reindeer of 'new' areas after 1925. 
1: 
2: 
3: 
4 : 
5 : 
Wedel Jarlsberg Land 
Andree Land 
Nordenski~ld Kysten 
Ny Friesland 
West coast of Andree 
- 1950s 
- 1950s 
- 1962 
- 1970 
Land - 1975 
(Norderhaug 1969). 
(Heintz 1963) . 
(K . Bratlien, pers. comm.). (Norderhaug 1975). 
(P.Prestrud, pers. comm.). 
Dots : areas occupied by reindeer in 1985 . Stripes : potential habitat for reindeer which r emains unoccupied . 
specified objectiv e ; to investigate "reindeer grazing land's 
"optimal carrying capacity and other population r egulating 
"factors" (p.ii). 
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1.4 POPULATION REGULATION & MANAGEMENT OF LARGE UNGULATES 
One purpose of management, at least according to popular debate, 
is to hold populations 'within their carrying capacity'. 
Implicit in this is the assumption that the system comprising a 
population and its resources is incapable of holding animal 
numbers within carrying capacity unaided (see Caughley 1981a). 
One important objective of research, therefore, is to find out 
how the density of animals in a population is naturally 
controlled. 
In the absence of intrinsic regulation (which has never been 
shown in large mammals), heavy predation or epidemic disease, a 
population of large ungulates will normally be expected to 
increase until shortage of resources prevents further growth 
(Laws, Parker and Johnstone 1975; Sinclair 1977; Sinclair, Dublin 
and Borner 1985; Skogland 1983, 1985a). The amount of limiting 
resource (food) instantaneously available per animal depends on 
three factors: the density and social behaviour of the animals 
and the biomass of edible plants . In the long term, the amount 
of food present depends both on the inherent dynamic properties 
(intrinsic rates of increase and decline) of the animals and 
plants in question and on the way in which these dynamics 
interact (see Caughley and Lawton 1981). It is the interaction 
between two (or more) dynamic components which is the basis for 
regulation of abundance as opposed merely to limitation of 
numbers . 
12 
Regulation, in the sense used here (p. xx), implies control 
involving dynamic equilibrium between two (or more) components of 
a system: 'equilibrium', implying that the level of one component 
influences the level of the other; 'dynamic' because the equil-
ibrium is defended change in one component elicits compensa-
ting, homeostatic change in the other. Caughley (1976a~ 1979, 
1981b) argued that populations of large herbivores inevitably 
converge towards equilibrium with their food supply . His models 
suggest that the dynamic behaviour of most populations can be 
explained in terms of food limitation and regulation in response 
to displaced equilibrium. 
The principal objection to this is that there is no empiri-
cal way of measuring equilibrium between two interacting 
populations (Andrewartha and Birch 1954). Second, the densities 
of animals and plants in any natural ecosystem are usually 
influenced by more than just the abundance of each other. Conse-
quently, the point of equilibrium may actually vary from year to 
year (Moss, Watson and Ollason 1982) . Caughley's thesis, how-
ever, is not that there exists some unique end point at which 
systems comprising large herbivores and their resources are 
perfectly balanced: it is, instead, that the dynamics of such 
systems are normally centripetal (Caughley and Krebs 1983). This 
hypothesis has considerable significance for management of large 
ungulates: its most important implication is that grazing eco-
systems are inherently stable . 
By definition, a population at 'equ ilibrium ' with its 
resources persists while fluctuating within certain limits. 
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Diagram representing the interaction between a population of large herbivores and the population of plants which they eat. Explanation is given in section 1.4. 
These limits define 'ecological carrying capacity' which is thus 
considered as a _range of densities (Figure 1.5). The density of 
animals (or plants) is not necessarily constant but the system is 
'stable' in the sense that there is no net. change in density of 
either animals or plants (Figure 1.6) and that the density of 
both tends to remain within those limits. It is the persistence 
of the ecosystem, not its constancy, which is emphasised (Holling 
1973). 
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Figure 1.6 
Trends in numbers of the population of Seay Sheep on the island 
of Hirta in St Kilda (see Jewell, Milner and Boyd 1974). There 
are no predators on Hirta, nor are the sheep culled. Soay Sheep 
appear to have achieved equilibrium with their food supply. It is evident that despite erratic fluctuations there is no overall trend in numbers. The population is, in this sense, 'stable'. Note especially how numbers declined for seven consecutive years from 1971 : had .these animals been subject to management, action 
woul d almost certainly have been taken by 1975 or 1976 to 
reverse what might easily have been mistaken for an irreversible decline. The ecological carrying capacity of Hirta for Soay 
sheep is evidently between 1 OOO and 1 600 animals . (Unpublished data for 1974-1983 reproduced by permission of P .A. Jewell) . 
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Figure 1.6 
Trends in numbers of the population of Soay Sheep on the island 
of Hirta in St Kilda (see Jewell, Milner and Boyd 1974). There 
are no predators on Hirta, nor are the sheep culled . Soay Sheep 
appear to have achieved equilibrium with their food supply. It 
is evident that despite erratic fluctuations there is no overall 
trend in numbers . The population is, in this sense, 'stable'. 
Note especially how numbers declined for seven consecutive years from 1971 : had -these animals been subject to management, action 
would almost certainly have been taken by 1975 or 1976 to 
reverse what might easily have been mistaken for an irreversible 
decline. The ecological carrying capacity of Hirta for Soay 
sheep is e videntl y between 1 OOO and 1 600 animals. (Unpublished data for 1974-1983 reproduced b y permission of P . A.Jewell). 
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Sinclair (1981) proposed that there will usually be some 
boundary (threshold) outside the range of normal variability, 
beyond which the system may not return to its original state (X 
and Yin Figure 1.5). Once one or other threshold has been 
exceeded, the system may either tend towards a new equilibrium 
(with a permanent increase or reduction in the density of herbi-
vores) or might change to something else. For example, it 
appears that the woodlands in the Serengeti National Park in east 
Africa may have expanded and thickets may have replaced grassland 
following the decline of large herbivores through rinderpest in 
the last century (Sinclair 1979a and A.R.E.Sinclair, personal 
communication). In this particular case, the grasslands have 
been restored by a combination of mechanical bush - clearing, fire, 
a change in rainfall and perhaps ungulates, too (see Dublin 1984, 
Sinclair 1979a). In general terms, the amount of change away 
from equilibrium that a system can tolerate before one or other 
of the thresholds is crossed is a measurement of its 'resilience' 
(Holling 1973, Walker 1981). 
The hypothesis that large herbivores and their food supply 
tend to converge towards equilibrium is important because many 
problems in management arise from the belief that a system has 
been (or may be} so perturbed that it will exceed its bounds. 
Perturbation may be caused when a population of animals, formerly 
maintained at one equilibrium with their food supply by processes 
other than food limitation, is suddenly released from this and~ 
left to achieve a new equilibrium. This can happen, for example, 
following reduction in the number of predators (may be; e.g. 
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Leopold, Sowles and Spencer 1947), or competitors (e.g. sheep 
Ovis sp. and red kangaroos Macropus rufus, Caughley 1983), or a 
ban on hunting or culling (e.g. Antarctic fur seals Arctocephalus 
gazella and elephant seals Mirounga leonina, Laws 1981), or 
eradication of disease (African buffalo Synceros caffer, wilde-
beest Connochaetes albojubatus, Sinclair 1979b). The expected 
response of a population of large herbivores presented with a 
surplus of food (i.e. following such a release) is a single 
eruption in numbers (Caughley 1970, 1976a, Riney 1974, Sinclair 
1979b). The expected response of the population of plants which 
they eat is the reciprocal trajectory to animal numbers (Figure 
1 r 5) . Animals numbers will normally be expected to increase 
until food becomes limiting whereupon they may decline, as a 
result of overgrazing, before eventually settling at a new 
equilibrium level some way below peak density. 
It has frequently been predicted, however, that overgrazing 
at the peak of an eruption might change the composition of the 
vegetation and perhaps soil quality, too, with the result that 
the equilibrium density of a particular species (animal or plant) 
is permanently altered. Concern about the outcome of allowing 
animals in conservation areas to find their own equilibrium 
underlies most decisions to cull them (Anon. 1981, Ferrar 1983, 
Houston 1982, Walker 1981) . However, severe overgrazing is not 
inevitable. Eruptions occur simply when populations are presen-
ted with abundant food and have no other limiting factors . They 
are neither caused by, nor represent, a breakdown of regulation . 
Irreversible decline in the productivity of an area is a serious 
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problem for domestic livestock kept under intensive (mis-)manage-
ment (Noy-Meir 1981, Sinclair and Fryxell 1985) but there is no 
evidence that the productivity at equilibrium declines following 
eruption of natural populations of wild ungulates. At least, not 
with artiodactyls; African elephants Loxodonta africana and black 
rhinos Diceros bicornis may be exceptions (Caughley 1976b, Owen-
Smith 1981). Introduced species have been lost (Klein 1968, 
Scheffer 1951) but such cases reveal nothing about the resilience 
of natural ecosystems. 
Eruptions of natural populations of three ungulates have 
been documented in detail. African buffalo and wildebeest 
increased in the Serengeti National Park following eradication of 
introduced rinderpest in the 1950s (Sinclair 1977, 1979b); red 
deer Cervus elaphus in part of the island of Rhum (Scotland) 
increased following cessation of culling (Clutton-Brock, Guinness 
and Alban 1982). Neither of the former two populations declined 
significantly after reaching peak density (Sinclair 1979b; 
Sinclair, Dublin and Borner 1985). The red deer on Rhum are 
still increasing, although more slowly than previously. In each 
case numbers increased until limited by food. Each population 
was strongly regulated (principally through decreased survival) 
before the populations reached peak density. This appears to 
have been the main reason why these eruptions were contained. 
When a population is suspected of being somehow over-
abundant, it is necessary first to identify trends in the density 
of animals (or biomass of vegetation) and then to distinguish 
trends which are within the normal compass of regulatory 
18 
mechanisms from trends which might lead to irreversible, or only 
slowly reversible, changes in ecosystem processes and which 
might result in a decline in productivity, a change in species 
composition (including loss of species) or anything else which 
might be deemed undesirable. 
Three key questions are: 
1) Is there a trend of increasing population size accompanied by 
a decrease in resources? 
2) If so, is it likely that the population will respond (by 
reduced rate of increase) and will this reverse the decrease 
of resources? 
3) Will the system tend towards stable equilibrium? 
1.5 FOOD LIMITATION IN REINDEER AND CARIBOU 
It has frequently been suggested that natural populations of 
reindeer and caribou are never normally limited by the abundance 
of food. Skoog (1968: 655), for example, stated", .. it is quite 
"unlikely that a free ranging caribou population is ever faced 
"with the problem of food shortage, except under catastrophic 
"conditions--e.g ., deep snow, ice-crusted snow, fire or perhaps 
"volcanic eruptions." Bergerud (1980) agreed: "The basic reason 
"that herds [of caribou] in Alaska were overharvested resulting 
"in their decline was the belief that herds had to be held down 
"or they would overgraze their range and starve. The bankruptcy 
"of this idea ... has still not been laid to rest even with this 
19 
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"management failure ... " Predation by wolves and hunting by man, 
he insisted, were the main factors whiuh limited the size of 
continental populations of caribou. Studies of several different 
herds of caribou in Alaska and Canada reached the same conclusion 
(references in Bergerud 1980). 
Bergerud (1980) supported his conclusion citing Hairston et 
al. (1960) who suggested that herbivores are unlikely ever to be 
limited by food because they take only a small fraction of each 
year's primary production. This, however, is no argument 
because, as Sinclair (1975) has pointed out, new plant material 
eventually becomes lignified and therefore inedible or, at lea3 t, 
reduced in quality. A population of herbivores may thus enjoy a 
superabundance of food during the growing season, only to be 
confronted with acute shortage in winter due to changes in the 
phenology of their forage. In the arctic, snow ensures seasonal-
ity of the food supply, notwithstanding changes in plant phenol-
ogy and, furthermore, lichens, which typically form a major part 
of the winter diet of reindeer and caribou (Aleksandrova 1937; 
Gaare and Skogland 1975, Helle and Saastamoinen 1979, Miller 
1976, Skoog 1968: 136-183), grow only slowly and are easily 
destroyed by trampling (Palmer and Rouse 1945, Pegau 1970, but 
see also Gaare 1986) . Overgrazing and trampling of lichens, for 
example, was thought to have been the ultimate cause of the 
decline of reindeer on St Matthew Island (Klein 1968). In prin-
ciple, therefore, reindeer and caribou might be presumed to b~ 
more prone to food limitation due to overgrazing than other large 
ungulates . 
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Skoog (1968: 336, 587, 655-662), nevertheless, argued that 
continental populations of caribou normally never experience 
shortage of food as a result of overgrazing and suggested three 
reasons why this might be so: (1) caribou do not depend 
e xc lusi v ely on lichens in winter but include a wide variety of 
vascular plants in their diet, (2) their highly mobile lifestyle 
combined with enormous areas of suitable habitat enables them to 
shift their wintering grounds and , above all, (3) predation 
combined with periodic heavy mortality due to bad weather keeps 
populations at levels too low to have a significant impact on 
vascular plants. 
The role of predators in limiting the abundance of North 
American Rangifer remains hotly disputed (Bergerud 1980; Bergerud 
and Eliot 1986; Gasaway et al. 1983; Van Ballenberghe 1985). The 
role of dispersal and the significance of hitherto almost un-
limited space in the ecology and dynamics of populations of 
caribou (Skoog's second suggestion, above), by contrast, has been 
largely ignored despite ample evidence that the great North 
American herds not only change their pattern of ranging from time 
to time but also occasionally divide (e.g. Hemming 1975, Skoog 
1968:312 et~.). Recent work in Norway has confirmed that 
rates of increase of populations of reindeer which have no, or 
only limited, opportunity to disperse are regulated by density-
dependent resource limitation , despite heavy hunting, as 
Caughley's hypothesis predicts (Skogland 1983, 1985a , b) 
Svalbard reindeer have no major natural predators and have 
not been hunted to any significant extent since 1920 (limited 
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hunting has been permitted in parts of Nordenski~ld Land since 
1983 - see Tyler 1984). Their range is obviously limited (Figure 
1.4) and numbers might, therefore, have been expected increase 
until limited by food as Caughley's (1976a) and Caughley and 
Lawton's (1981) models of herbivory by non-migratory ungulates 
predict. 
An alternative view, however, has recently been proposed. 
Alendal and Byrkjedal (1976), Reimers (1977, 1980, 1982a, 1984) 
and Reimers, White and Rusten (1977) suggested that the abundance 
of Svalbard might never normally be limited by their supply of 
food. Instead, they thought that bad weather and, in particular, 
adverse snow conditions resulting in periodic heavy mortality, 
might contain contain numbers below ecological carrying capacity 
indefinitely (ibid.). The idea, in a paraphrase of Caughley and 
Lawton's (1981:137) words, was that "conditions [might be] rarely 
"good enough for long enough for [Svalbard reindeer] to bump 
"against the ceiling of food limitation." These authors were 
unable to support their hypothesis with clear evidence of heavy 
mortality although Reimers (1983a) showed that starvation was an 
important cause of death. 
The basic premise of this argument is that Svalbard reindeer 
are incapable of achieving equilibrium with their food supply; 
"Having been protected since 1925, without. predators and with 
"ex tremely poor winter nutrition , the Svalbard reindeer should 
"have faced ... [a] ... crash-like situation" (Reimers 1984) . 
Reimers (op . cit . ) e x plained the continu i n g abundance of rei ndeer 
in terms of density independent limitation o f numbe r s d ue to 
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periodic reduction in the availability of winter forage. His 
model includes two implicit assumptions: (i) that Svalbard rein-
deer do not affect the rate at which their food (plants) is 
renewed and (ii) that the rate of increase of the reindeer is 
largely independent of parameters of plant growth. The existence 
of this kind of non-interactive, non-reactive grazing system has 
been proposed to account for the comparative rarity of some 
oC.. b 
speciesLphytophag~s insects (Andrewartha and Birch 1954, Caughley 
and Lawton 1981) but r~~-~_JI tl ne v er previously been invoked to 
account for patterns of growth in populations of vertebrate 
herbivores . 
Random heavy mortality is not a sufficient means for 
ensuring long term stability (sensu Holling 1973): a population 
whose rate of increase is governed by random events has no tend-
ency to return to any particular density. Furthermore, the 
'weather hypothesis' begs two important questions . First: What, 
if not the amount of food available per animal (which is 
influenced both by intraspecific competition and changes in the 
standing crop of plants), determines how many animals starve to 
death in a given winter? It is almost inconceivable that a given 
'amount' of weather would characteristically destroy a constant 
proportion of a -population of large ungulates, irrespective of 
its density. Moreover, if the rate of mortality depended solely 
on the capriciousness of the weather then low density populations 
would not only be unlikely to grow, they would also suffer a high 
0 probability of extinction (cf. populations of phytophag1s insects 
living at the fringes of the species range: Andrewartha and Birch 
23 
periodic reduction in the availability of winter forage. His 
model includes two implicit assumptions: (i) that Svalbard rein-
deer do not affect the rate at which their food (plants) is 
renewed and (ii) that the rate of increase of the reindeer is 
largely independent of parameters of plant growth. The e x istence 
of this kind of non-interactive, non-reactive grazing system has 
been proposed to account for the comparative rarity of some 
oC- b 
species£phytophag1s insects (Andrewartha and Birch 1954, Caughley 
and Lawton 1981) but IE.~-~_J it[ never previously been invoked to 
account for patterns of growth in populations of vertebrate 
herbivores. 
Random heavy mortality is not a sufficient means for 
ensuring long term stability (sensu Holling 1973): a population 
whose rate of increase is governed by random events has no tend-
ency to return to any particular density. Furthermore, the 
'weather hypothesis' begs two important questions . First: What, 
if not the amount of food available per animal (which is 
influenced both by intraspecific competition and changes in the 
standing crop of plants), determines how many animals starve to 
death in a given winter? It is almost inconceivable that a given 
'amount' of weather. would characteristically destroy a constant 
proportion of a ·population of large ungulates, irrespective of 
its density. Moreover, if the rate of mortality depended solely 
on the capriciousness of the weather then low density populations 
would not only be unlikely to grow, they would also suffer a high 
0 probability of extinction (cf . populations of phytophagl/s insects 
living at the fringes of the species range: Andrewartha and Birch 
23 
I 
I 
I 
1954). Svalbard reindeer, however, increased, albeit slowly, 
after 1920. Truly 'density-independent' effects of weather on 
the abundance of animals have been demonstrated, but only in 
populations of invertebrates and in cases where the limiting 
factor was something other than food (Andrewartha and Birch 
1954:518). Second: What, if not the amount of food available per 
animal, determines the lower density of the population if, and 
when, it achieves stability? Put more simply, What determines 
how many animals survive 'bad' winters? 
The hypothesis of extrinsic regulation through resource 
limitation (Caughley 1976a,c; Sinclair 1977, 1979b) does not 
reject the possible influence of the weather on the density of a 
population. It states only that ungulates and their food supply 
normally converge towards equilibrium. Fluctuations caused by 
weather might dominate the pattern of growth of a population and 
overshadow processes of regulation; this, however, does not mean 
that these processes do not occur. 
1.6 AIM OF THIS STUDY 
The purpose of this study was to investigate what factors limit 
the abundance of wild reindeer in Svalbard. The principal 
objective was to determine the potential significance of two 
factors (i) the food supply and (ii) the weather in determining 
the rate of increase of reindeer in Adventdalen, Spitsbergen. I 
collected information on total numbers, annual rates of birth and 
death , growth and condition and , in particular, on the effect of 
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body composition ('physiological condition') on survival. This 
thesis is divided into three parts, each of which corresponds to 
one of three fundamental questions: 
1) What is the size of the population and at what rate is it growing? (Chapters 2 & 3). 
2) How do changes in population size occur? (Chapter 4). 
3) What factors cause the rate of growth (and hence the size of the population) to change? (Chapters 5, 6 & 7). 
1.7 THE STUDY AREA 
Site and duration of this study. The practical problem of 
counting reindeer in mountainous terrain precluded an extensive 
study. This study was confined to reindeer living in the area 
which drains into Adventelva (elv = river) in Nordenski~ld Land 
(Plate 2 & Figure 1.7). The study area included Adventdalen 
(dal =valley), its side valleys and the adjacent plateaux. This 
area is here referred to collectively as 'Adventdalen'. There 
were ea. 400 reindeer in Adventdalen in April 1979 when this 
study began. For convenience, these are referred to as 'the 
Adventdalen sub-population' (hereafter just 'the population') . 
There are, however, several passes through the mountains which 
enclose the study area and reindeer there are not isolated 
physically from the reindeer in other parts of Nordenski~ld Land. 
The term '(sub-)population' was justified when subsequently it 
was found that the study of rates of birth, death and dispersal 
of reindeer in Adventdalen provided a useful way of describing 
and accounting for changes in the density of animals there. 
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Plate 2 . (Over) 
False colour map of Nordenski~ld Land, Spitsbergen based on a LANDSAT image, NASA ERTS E-2543-11162 18 July 1976 . This shows 
clearly how the tundra vegetation (red) is divided by ranges of 
mounta i ns and b y glaciers into relativ ely small , more or less discrete areas in which the reindeer live. The animals tend not to move between these areas . 
This photograph, part of map 'Svalbard, Spitsbergen s~re del , LANDSAT satellittkart , pr~v ekart' , produced by IBM/Norsk Polarinstitutt , is reproduced here with the permission of the Director of the Norsk Polarinstitutt , Oslo . 
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No research facilities or accommodation were available in 
Longyearbyen (the main Norwegian settlement in Svalbard). 
Instead, a small station was built about 12 km away in Advent-
dalen. This, the 'MAB station', .could house up to six people but 
usually no more than three or four people lived there at any one 
time. 
I joined the MAB project (see page ii) in January 1979 and 
spent 36 months in Svalbard: 
1979 19 April 3 September 
1980 2 April 29 September 
1981 3 March 
1982 25 August 
1983 2 June 28 August 
1984 20 March 17 April* 
10 July 24 September* 
( * supported by Norsk Polarinstitutt). 
Physical geography of Svalbard. Most of Svalbard is mountainous. 
2 
60% of the total area (63 OOO km) is covered by glaciers. There 
is relatively little flat ground or even low land. Consequently, 
although permafrost is continuous in the soil (Hisdal 1976), the 
ground is quite well drained and there are relatively few pools, 
bogs or standing water of any description. 
The mountains are characteristically rugged, consisting 
mostly of metamorphosed pre-Cambrian sediments and erupted rocks 
(Hisdal 1976). However, in central parts ·of Svalbard (including 
Nordenski~ld Land on Spitsbergen and Barents~ya and Edge~ya to 
the east) flat strata of younger sedimentary rocks predominate 
and the topography is accordingly different. Here, chains of 
jagged, alpine-type mountains are largely replaced by steep-sided 
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plateaux rising to between 500-1 OOO m a . s.l. In between these 
there are broad, ice-free valleys and there are extensive flats in 
some places along the coast. 
A river bed typic~lly occupies 20% or more of the valley 
floor in these valleys. The rivers themselves, although braided, 
occupy only a small part of the river bed even when running in 
spate. Their course, however, changes from year to year within 
the limits of the bed and, consequently, a significant part of 
the low lying, ice-free ground in Svalbard is completely barren. 
The rivers flow for about four months annually (from June to 
September); they are empty or frozen during the remaining eight 
months. Not much rain falls on Svalbard (below) and the rivers 
are fed mainly by melting snow and glaciers. They are seldom 
more than about 0 .75 m deep but, during the melt (June) and on 
0 
warm (>10 C) days in July when the glaciers 'sweat', they can 
flow very quickly indeed. Even rivers less than 3 m wide can 
present formidable obstacles in summer. 
Climate. The average monthly temperature at Longyearbyen remains 
above freezing from June to September (inclusive) (Steffensen 
1982). 0 0 Temperatures outside the range 1 -10 Care not common in 
those months. 
is about 6°c. 
The mean temperature in July, the warmest month, 
The maximum temperature recorded at Longyearbyen 
(1957-1976) was 18.2°c. 
Considering the location of Svalbard, the mean temperature 
during winter is remarkably h igh . The average temperature in 
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January, February and March, normally the coldest months, is only 
0 
about -14 C. The lowest temperature recorded at Longyearbyen 
(1957-1976) is -39.5°c but temperatures below -30°c are not 
common. This is attributable to the North Atlantic current, a 
continuation of the Gulf Stream, a branch of which flows past the 
west coast of Spitsbergen (Hisdal 1976). Considerable fluctu-
ations in air temperature are characteristic of weather cond-
itions on the west coast and changes in temperature as large as 
0 30 C have been recorded in the space of a few hours in winter 
(Hisdal 1977). Consequently, temperatures above freezing may 
occur at any time during winter and occasionally it may rain, 
too. Thus , while average minimum monthly temperatures recorded 
at Longyearbyen (1957-1976) from November to April (inclusive) 
0 0 
are between -22 and -31 C, the average monthly maximum temperat-
ures in those same months is between o0 c and 3°c (Steffensen 
1982). 
Normally less than 210 mm precipitation falls on Longyear-
byen each year (Steffensen 1982). Snow lies for up to ten months 
annually. July and August are normally completely snow free. 
Most of the snow falls in February and March. The melt occurs 
between mid-May and mid-June: both the date on which the melt 
begins and the speed with which the ground clears vary 
considerably from year to year within this period. 
The windiest months are November to March, inclusive. 31-
36% of wind observations made at Isfjord Radio in each of those 
months have recorded winds between 6-8 Beaufort (Steffensen 
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1982). Corresponding frequencies for June to August, the least 
windy months, are 7-8%. 
Formal polar night, when the sun remains continuously below 
the horizon, lasts from 28 October until 14 February at 78°N lat. 
(the latitude of Longyearbyen). In practice, there is usually 
enough refracted sunlight for a few hours' outdoors activity from 
as early as 1st February and as late as 10th November. In the 
dark time, the combination of northern lights and moon light 
occasionally provides enough light for outdoors work. 
period of midnight sun is from 21 April to 21 August. 
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The formal 
Vegetation. There are approximately 12 OOO km (20%) of prod-
uctive ground in Svalbard (Brattbakk 1985). The dominant 
vegetation is grass-sedge-moss tundra: few plants grow taller 
than 15 cm and there are no bushes or trees. Several detailed 
descriptions are available (e.g. Brattbakk 1985, R~nning 1965, 
1979). 
Vegetation forms a thick carpet over the bottom of valleys 
and the coastal flats. This is usually continuous up to 100 m 
a.s .l. but plant cover becomes increasingly sporadic between 100-
200 m and little grows above that (Brattbakk 1985) . The plateaux 
are mainly polar desert proper but pockets of flowering plants 
and, occasionally, bogs occur in suitable sites. 
2 
There are 
approximately 150 km of productive ground below 200 m in the 
study area (I,Brattbakk, personal communication), The ratio of 
productive ground below 200 m to total area here is 1:4.96 
(ibid.). 
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Three vegetation types are recognised within the tundra : 
heaths, meadows and mires (Brattbakk 1985). There are six types 
of heaths: 'Moss-lichen heath' (Rhacomitrietum lanuginosi spits -
bergense Hada~ 1946); three Dryas heaths of which Polari-Drya-
detum (R~nning 1965) is dominant in Adventdalen, accounting fo r 
42% of all productive ground below 200 m (I.Brattbakk, personal 
communication); 'Polar willow heath' (a community dominated by 
Salix polaris & Polytrichum hyperboreum); and 'Woodrush' heath , a 
community dominated by Luzula confusa . Eight types of meadows 
are recognised of which the principal one in Adventdalen is a 
Papaver dahlianum scree slope community which occurs on arid, 
unstable ground ( 'Rasmark' in Norwegian). Rasmark typically has 
less than 10% plant cover ; it comprises 33% of the all productive 
ground below 200 m in Adventdalen . Three types of mire are: 
'Moss tundra' (Tomenthypnetum nitentis Hofmann 1968), which is a 
thick moss-mat usually with 100% plant cover but containing few 
vascular plants; 'Horsetail mire' , an Eguisetum arv ense community 
dominated by Salix polaris, usually associated with a thick moss 
mat ; and 'Marsh ', a grass Dupontia pelligera and moss Drepano-
cladus revolvens-Callergion sarmentosum dominated community which 
occurs in wet areas . The three types of mire comprise 2 . 3 , 3 . 3 
- ~~ 
a n d 2. 0% , r espec ti v ely, o f the / p r odu c t i v e ground in the study 
area below 200 m. Different types of tundra vegetation in Sval-
bar d occur not in large , homogenous swards but as small , discrete 
u n its mixed in a fine mosaic (Brattbakk 1984). 
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PART 1: DIRECTION OF CHANGE. 
Chapter 2 
SIZE AND RATE OF INCREASE OF THE POPULATION 
INTRODUCTION 
Counting reindeer and caribou accurately is notoriously 
difficult. The expense and labour of securing information on 
basic parameters (total numbers, rates of increase, birth and 
death) has been a major obstacle in population studies of this 
species (reviews: Bergerud 1980; White et al. 1981), More often 
than not, data have been collected without adequate controls or 
means of quantifying errors, making interpretation of results 
difficult. Van Ballenberghe (1985), for example, exposed the 
weakness of census data and estimates of mortality in the 
Nelchina population of caribou in central Alaska. His analysis 
of the original data cast doubt on earlier conclusions regarding 
the significance of natural predation in the eruption, decline 
and subsequent recovery of that herd and, hence, the wisdom of 
spending thousands of dollars killing wolves. Hence, it was 
important both to find an efficient method for counting Svalbard 
reindeer and, more especially, to collect the data in a way which 
enabled the accuracy of the results to be evaluated. 
Air survey is almost ubiquitously the principal method used 
for counting wild reindeer and caribou . The main advantage of 
air survey, especially in conjunction with techniques such as 
stratified random sampling, is that it is possible to survey 
enormous areas (e.g. Parker 1972). Svalbard, however , unlike 
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the caribou ranges of North America, is mountainous and Svalbard 
reindeer are normally dispersed in small groups rather than large 
herds: attempts to count them from the air have been successful 
only in the broadest valleys and on the plateaux (Larsen 1977; 
Gossow and Thorbj~rnsen 1974; 0ritsland and Alendal 1985). This 
study, therefore, was, of necessity, conducted on a modest scale. 
Nordenski~ld Land and Sabine Land, in central Spitsbergen, 
are topographically divided into five distinct valley systems 
(Plate 2) and, in 1979, when this study began, there was 
some evidence that reindeer perhaps did not move between these 
systems (Chapter 3). Alendal and Byrkjedal (1976) and Reimers -
(1977) had noted that the carcasses of reindeer were conspicuous 
on the tundra in summer. It therefore seemed potentially 
feasible to carry out a 'population' study in a limited area, 
counting and classifying reindeer on foot in summer and using 
their carcasses to assess mortality. 
Alendal (1975) and Alendal and Byrkjedal (1976) were the 
first to count Svalbard reindeer routinely and on foot. Their 
pioneering work revealed several pitfalls: first, they did not 
attempt to make total counts of carcasses and, consequently, 
although they registered considerable annual fluctuation in total 
numbers (of live animals; Figure 2.1) and the proportion of 
calves, they were unable to determine the extent to which changes 
were due to variation in mortality, births, dispersal and count-
ing errors. Second, they were sometimes able to sex less than 
half the adults (ibid.) . Consequently, as I had no reason to 
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Figure 2.1 
Census results from Adventdalen prior to this study. Open 
circles: census made on snow-scooters in March (Gossow and Thor-bj~rnsen 1974). Filled circles: census made on foot in summer (post-calving) (N.A,0ritsland and E.Alendal, unpublished data 
reproduced by permission). 
assume that both sexes could normally be identified with equal 
frequency, it was necessary to develop a means of controlling 
data on the sex and age distribution of the animals counted . 
Lowe (1969) and Staines (1978) tested the accuracy of 
counting red deer on foot by comparing the number of animals 
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observed with a population reconstructed using mortality data 
(carcass counts and game books). The technique has two advant-
ages : first, only one census is necessary and second, results for 
each sex can be tested independently . It was therefore essential 
to get accurate information on the total annual mortality of 
reindeer of each sex. 
This chapter aims to describe (1) the methods used to count 
reindeer in Adventdalen and to identify them according to age and 
sex, (2) the methods used to count and identify the sex of 
carcasses , (3) how these data were used to evaluate the accuracy 
of census results and finally, (4) the number and annual rate of 
increase of reindeer in Adventdalen. 
METHODS 
2.1 COUNTING REINDEER 
I counted reindeer in every month except during the dark time 
(November to February inclusive). Counting was done on foot from 
June until the end of October and with snow-scooters from March 
to the end of May. 
One census covering the whole study area was made late in 
June/early July each year (slightly later in 1984) (Table 2.1) 
The total number of reindeer in Adventdalen, the age & sex 
composition of these and the rate of change in numbers was deter-
mined from this. Attempts to census the population on snow-
scooters in spring were abandoned because counts made on foot in 
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Table 2.1 
Dates and number of people involved in 
each annual census of Adventdalen. 
1979 
1980 
1981 
1982 
1983 
1984 
13 - 20 July 
27 - 29 June 
8 - 14 July 
5 - 8 July 
4 - 12 July 
19 - 26 July 
Number of people 
3 
4 
4 
7 
5 
6 
summer invariably produced totals up to 20% bigger (not includ~ng 
new-born calves). 
The census was made early in summer for three reasons. 
First, reindeers' grey-white winter fur contrasts with the drab 
tundra making them considerably more conspicuous than once 
they had moulted (in July). Second, it was easier to count 
calves before they and their mothers left the calving areas and 
dispersed for the summer. Third, it was often difficult to 
distinguish between yearlings and two year olds after the middle 
of July. 
The study area was divided into 14 blocks, using natural 
features, six on the north side and eight , on the south side of 
the main river (Adventelva) (Figure 2.2). Each block was counted 
quickly (~1 day), usually by two people. Adjacent blocks were 
counted in sequence to minimize the risk of missing reindeer or 
of counting the same ones twice. 
37 
15°30' E 17°E 
78°16 ' N iiij !illlll1ii\l\\\i\\\i\\i\ 78 • 16 N 
78°6' N 
0 5 10 Km 
1s·3o'E 17°E 
Figure 2.2 
Fourteen blocks into which the study area was divided for each 
annual census. 
2 . 1 ) . 
Three to seven people were involved in each census (Table 
Counters_ were asked to follow predeter mined, circuitous 
7 8° 6' N 
routes, which were changed as little as possible from year to 
year, and to record (with the aid of x 7-8 binoculars and x 20-60 
spotting scopes) the age (section 2 . 3 . 2) , sex and number of 
reindeer in each group . Reindeer less than 50 m apart were 
considered part of a group: in fact , the distance between animals 
was usually either much more or much less than this . The purpose 
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of this classification of 'groups' was simply to help describe 
how Svalbard reindeer were distributed; it neither was intended 
to describe nor was used to investigate specific aspects of their 
social organization. The location of each group was noted to 100 
musing a six figure grid reference on a 1 100 OOO scale map. 
Where two routes converged (e.g. along the boundary of two 
blocks), counters compared notes as soon as possible after they 
finished each day to check whether any group(s) had been counted 
twice. Reindeer typically moved less than 200 m (net) in 24 
hours in summer (Chapter 3) and the location, size and compos-
ition of a group was normally enough to identify it for this 
purpose. 
Block 14 (the plateaux on the south side of Adventdalen) was 
counted only once (in 1980). I counted 17 reindeer there then 
and seldom saw more than four or five reindeer on any plateau 
during summer; consequently, the error from this omission was 
probably small . All counts other than the main census followed a 
shorter route (Figure 2.3). I was able to count and classify 40-
80% of the population along this route , depending on the season. 
2.2 COUNTING CARCASSES . 
I measured mortality by counting carcasses. All thirteen blocks 
(Figure 2.2) and Plataberget (Figure 1.7) were searched each year 
(the rest of block 14 was included in 1979, 1981 . & 1984 when 
mortality was high but left out in 1980, 1982 & 1983 when it was 
negligible (Chapter 4)). 
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Figure 2.3 
Map of the study area showing the short route (dotted line) 
followed in alY counts besides the annual census. The stippling 
shows the area which could be covered from this route. Blocks 7 
and 9 were sometimes included in winter. 
Two potential drawbacks of relying on counting carcasses to 
estimate mortality were that first, that some might vanish before 
I found them (e.g. as a result of being broken up and carried off 
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either by scavengers or by melt water) and second, I might not 
find all of even those which remained. I investigated these 
potential problems by measuring the rate at which carcasses 
became disarticulated and scattered. Two important assumptions 
were (i) disarticulated carcasses would be less conspicuous 
and/or more easily transported (by scavengers or melt water) than 
intact ones and (ii) if carcasses broke up and disappeared only 
slowly then repeated searches of the study area would be a useful 
way of checking that I had found them all. 
The location of carcasses of 78 reindeer (17 adult males & 
17 adult females and 44 calves) which died during the winter 
1978/79 was marked with a wooden post (0.5 m long, painted 
orange). This was to ensure that I could find each site again, 
whether or not the carcass was still there. The carcasses them-
selves were photographed (each year) and marked with three small 
numbered metal discs (bound on with wire, one on the head, one on 
the spine and one on the pelvis). The rate at which carcasses 
disappeared was measured by visiting each location once every 
summer for the next five years (or until nothing remained) and 
scoring each carcass for presence or absence. 
This scoring was not entirely adequate : some carcasses 
remained virtually complete (and therefore highly conspicuous) 
for several years while others were reduced to a few scattered 
bones after a two or three years. Consequently, I devised an 
index of 'intactness' to quantify how much of a skeleton remained 
and, hence, to reflect how conspicuous it was . 
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A complete skeleton was considered to consist of just 69 
bones which scored a total of 15 points (Figure 2.4). The system 
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Number of Score for Maximum 
BONE bones each bone score 
Skull 
2 Vert. atlas 
3 axis 
4 cervical (3-7) 5 0.2 
5 thoracic ( 1-13) 13 0.08 
6 lumbar (1- 7) 7 0.14 
7 Innominate 
8 Femur 2 0.5 
9 Tibia-fibula 2 0.5 
10 Metatarsus 2 0.5 
11 Metacarpus 2 0.5 
12 Radius-ulna 2 0.5 
13 Humerus 2 0.5 
14 Scapula 2 0.5 
15 Ribs 26 0.04 
69 
SCORE FOR ONE COMPLETE CARCASS 15 
Figure 2.4 
Simplified skeleton of a reindeer showing the system of scores 
used to measure the 'intactness' of carcasses (see text, section 2,2), N.B. The mandible was removed from each carcass and so was 
not included. 
42 
of scoring gave more weight to large bones (e.g. skull, femur, 
innominate) than small ones (single ribs or vertebrae). A 
carcass 'complete' save for its skull, for example, scored 14 
points; one missing both its skull and one front foot (meta-
carpus, phalanges and hooves) scored 13.5 points etc. Thus, a 
carcass missing one of its front legs (consisting, in the simpli-
fied form, of three large bones i.e. humerus, radius-ulna & 
metacarpus) scored less than one which had lost just three ribs. 
Dividing the total score for each carcass by 15 gave the measure 
of 'intactness': 1.0 for a carcass with a fully intact skeleton 
and O for a carcass which had disappea~ed completely. I included 
all bones lying within a radius of 5m of each carcass. I did not 
attempt to quantify the amount of flesh and fur remaining or to 
investigate what processes were involved in breaking up and 
scattering remains. 
Every carcass was examined to determine its sex. Most were 
too extensively eaten by scavengers to distinguish their sex from 
their reproductive organs. Five methods used instead are 
outlined in Table 2 . 2. I used the first four of these in 1979 
and 1980 but that left undetermined the sex of over half of the 
carcasses of adults and 82% of the carcasses of calves. In 1981, 
I revisited all the carcasses from the previous two years and 
measured the breadth of the medial border (rim) of one acetabulum 
(m.r . a.) to the nearest 0.1 mm with calipers (Appendix 1). 
Reindeer carcasses break up very slowly (section 2.4.1). In 
the first year of the study there was a pyoblem in deciding how 
long many of the carcasses which I found in Adventdalen had been 
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Table 2 . 2 
Features used to determine the sex of carcasses. 
Feature 
External 
genitalia 
Urine stain 
Antlers 
Antler 
pedicels 
Sex and age class Comments 
determined 
All Obviously definitive but useful 
only with fresh carcasses 
because the belly and rump were 
usually the first parts eaten 
by scavengers. 
All A bright golden yellow stain on 
white winter fur was conclusive. 
This was particularly useful 
with females (alive and dead). 
Adult males only The size, shape & complexity of 
antlers varies considerably. -
Consequently, antlers were con-
sidered definitive only on big 
bulls; these were unmistakable. 
Adult males only Carcasses without antlers but 
with pedicels with a smallest 
diameter> 3.0 mm were classi-
fied as males. 
Breadth of Adult males and The femur was removed on one 
side and the m.r.a. was measured 
to 0.1 mm with calipers. Males: 
m.r.a. > 7 mm; females: m.r.a. 
the ventral females 
medial border 
(rim) of the 
acetabulum < 4 mm. ( see Appendix 1) . (m.r.a . ) 
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there i.e. how many years' accumulated mortality the 1979 sample 
represented. Carcasses which lay on snow were at once included. 
Carcasses which were surrounded by enriched vegetation or which 
had grey, matted fur, clogged with sand, were marked but were 
excluded from the total for 1978/7~ (i.e. reindeer which had died 
since September 1978) regardless of how fresh they may otherwise 
have looked. Virtually every carcass in Adventdalen, old and 
new, was marked in 1979 and this problem did not arise again. 
The incisor pad and/or mandible was collected from every 
carcass for determination of age at death (Chapter 4) and 
measurement of tooth wear (Chapter 6). 
RESULTS 
2.3 CLASSIFYING REINDEER BY AGE AND SEX 
2.3.1 General description of Svalbard reindeer. 
Svalbard reindeer are compact, stocky animals with short legs 
and short faces (Plates 1 & 5). A long, thick, winter coat 
emphasises these features. They moult once annually (in June and 
July, new-born 9alves included) and their new coat is almost 
black. The fur grows rapidly and turns grey by September except 
along the flanks and neck, which may be almost white. The colour 
fades after the sun returns in March and , by May, most adults 
turn light grey, even white, except along their backs which 
usually remain slightly darker. Calves are often almost 
uniformly bright white bright in late winter. 
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Unlike /continentalLmost j reindeer and caribou, Svalbard rein-
deer do not normally aggregate in large herds but live scattered 
in small groups throughout the year (Table 2.3). 
Table 2.3 
Average group size in different seasons. 
Number of reindeer in each group 
median maximum N 
February-March 
April-May 
June-July 
October 
2.6 
2.9 
2.8 
3 . 1 
11 
15 
19 
14 
460 
639 
3 449 
332 
The single 
exception to this occurs if and when the first autumn snowfall is 
a heavy one (> 20 cm). On two occasions (Septembers 1980 & 
1981) after heavy falls of snow I observed groups of over 100 
animals milling around nervously on the valley floor, not feeding 
and very easily frightened. 
The reindeer in Nordenski~ld Land, and particularly those in 
Adventdalen, are not usually shy, except at calving time, and 
normally just trot a few metres away when disturbed. It is 
often possible, by approaching slowly and , downwind, to walk up to 
and to remain within 20 to 30 m of them without their moving 
away. This may be due in part to their being accustomed to 
seeing people; reindeer on the east side of Widjefjorden, an area 
in the north of Spitsbergen which is rarely visited, are 
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extremely shy all year round (K . R . Hovelsrud, personal commun-
ication). Small groups and lack of shyness made the task of 
counting and classifying reindeer relatively simple. 
2 . 3 . 2 Age. 
Estimating the age of live reindeer 1s complicated by the 
fact that their colour, coat length and antlers changed substan-
tially at different times of year. Three age classes only could 
usually be distinguished with confidence: adults (>24 months 
old), yearlings (12-13.5 months old, i . e . up to the time that 
their second winter coat began to develop) and calves (0-12 
months old) . I abandoned trying to distinguish between 'young' 
f and ' old' adults when inspection of the teeth / reindeer which I 
A 
shot (Chapter 5) revealed just how inaccurate guessing of the age 
of adults could be. It was often difficult to distinguish large 
yearlings from small two year olds and vice versa, even in July 
(whe n they were 13 months old) . This accounted for at least 
three inconsistencies in census results (section 2.5.1) . 
2.3 . 3 Sex of reindeer . 
Svalbard reindeer hav e long fur and their external reprod-
uctive organs are seldom v isible e xcept s~on after moulting . 
Nevertheless , adults and yearlings could normally be sex ed at all 
times of y ear ( e x cept d ur i ng t h e polar n ight); calv es co u ld 
n o rmal l y b e sexed in late wi nt e r on l y (whe n the y wo u l d 
have been 8-12 months old). 
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Both sexes normally carry antlers (section 2.3.4) but the 
antlers of full grown males both begin to grow earlier (section 
2.3.4) and grow much larger than those of full grown females. 
Big males could therefore be identified with confidence between 
May and November (inclusive) using their antlers alone. From 
December to April they could usually be distinguished by their 
large body size, particularly the size of the head. 
Breeding females could be identified at a considerable 
distance by the presence of a calf. This was effective from June 
until the end of September; after the rut (October), however, it 
was not uncommon to see calves together with yearlings (of either 
sex) or even young males. 
A yellow stain of urine, normally conspicuous on reindeers' 
white winter fur, was particularly useful for identifying females 
of all ages in October and from March until June/July when they 
moulted. 
Most males shed their antler velvet before females and blood 
stained aitlers with peeling velvet were highly conspicuous. 
This difference can be used to sex males with confidence in late 
August and early September . Males begin to shed their velvet from 
about the third· week of August ; the earliest I saw a female with 
shedding velvet was 12th September . 
Yearlings were difficult to sex because there was no obvious 
sexual dimorphism either in body size, body shape or the size of 
antlers a t that age . There was a tendency to count more femal e 
than male y e ar l ings in censuses (usually the majority could not 
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be sexed; Table 2.4). This may have been because the urine 
stain, the only really conspicuous sign, was easier to see on 
females than on males. Often the only way to distinguish the sex 
of calves, year lings and young adults in summer was to see them 
urinate. 
Table 2.4 
Sex ratio in yearlings in summer. (Data from annual censuses). 
M F u Total M:F 
1979 19 15 8 42 1: 0. 79 1980 24 22 40 86 1:0.92 1981 8 10 31 49 1:1.25 1982 0 0 53 53 
1983 14 32 40 86 1:2.29*** 1984 8 14 7 29 1:1.75 
All years 73 93 179 345 1:1.27* 
M: males; F: females; U: Sex not determined. 
*** p <0.001 [ 1 ] 
* p <0.05 [ 2] 
2.3.4 The antler cycle. 
Growing antler~ become conspicuous in big males towards the end 
April and in smaller males in the middle of May. The biggest 
bulls also begin to shed their antler velvet first, usually in 
the second half of August . Most males have hard, clean antlers 
by the middle of September. Big bulls shed their antlers in 
November or December; 25% of adult males still carry antlers in 
the second week of May but , in every case in a sample of 60 
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males (Figure 2.5), the antlers were small and, presumably, these 
were all young adults (2 to 3 years old) . No adult males carried 
hard antlers after the end of May/early June. 
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reindeer only once during the dark time (on 13 December 1981) 
taking advantage of the combination of a full moon, cloudless sky 
and the northern lights. I saw 135 reindeer; there was 
insufficient light to classify these in detail but they obviously 
included females with calves (5 month old calves are quite 
distinctly smaller than all older animals) and big bulls (some of 
which could be distinguished from their size). The one 
definitive diagnostic feature of the animals' sex which might 
have been recognised was the large antlers of big bulls, but I 
saw none . I made several excursions during the dark time but 
never saw a reindeer with really big antlers on any of these]. 
Females begin to grow antlers in June and these are hard by 
October. Approximately 3% of females aged ~1 year old did not 
grow antlers (October 1980: 2.6% antlerless, N = 78; October 
1981: 3.3% antlerless, N = 121). The pattern of shedding antlers 
was the same both in 1980/81 and 1981/2 (Figure 2 . 5). Eight 
percent of adult and yearling females were antlerless in March (N 
= 237, both years combined). The difference between these and 
corresponding October values is significant [3] so a small number 
must have cast their antlers between October and May. Fifteen 
percent were antlerless in late April/early May (N = 342, both 
years combined), a significant increase from March [4] . The 
majority (85%) of adult and yearling females shed their antlers 
between the middle of May and the end of June. There appeared to 
be a relationship between females' reproductive s~atus and the 
date when they cast their antlers (Chapter 4). 
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2.4 CARCASSES. 
Each summer I searched Adventdalen on foot for the remains of 
dead reindeer. It took from three to six weeks to cover the 
whole study area, depending on how many had died. 
conspicuous against the short, dark vegetation. 
Carcasses were 
Reindeers' fur 
gets bleached by the sun and some showed up clearly from over 5 
km owing to a mass of white hairs which covered the ground for 2 
to 3 mall around them (Plate 3). 
2.4.1 Rate of disappearance. 
Dead reindeer were eaten by arctic foxes Alopex lagopus and 
glaucous gulls Larus hyperboreus hyperboreus and their disem-
bowled remains dried out quickly. However, years, rather than 
weeks or months, passed before their skeletons disappeared 
completely. 
Most carcasses broke up gradually close (<3m) to where they 
were originally found, although a few vanished completely within 
eighteen months of death. Something of 32 (94%) of the adult 
carcasses marked in 1979 remained in situ after five years 
(Figure 2 . 6) . I concluded that if old , dried out, increasingly 
disarticulated carcasses were transported as slowly as this, then 
few new ones were likely to have disappeared before I began to 
search for them in summer . 
52 
% 
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Figure 2.6 
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D CALVES 
1984 
Rate of disappearance of carcasses. Carcasses of 34 adults (17 males and 17 female) and 44 calves aged 8 to 12 months, which died in Adventdalen during the winter 1978/79, were marked in summer 1979. The histogram shows the proportion (%) remaining in situ in each subsequent summer. 
Carcasses _of calves disappeared more quickly than carcasses 
of adults: half of those marked in 1979 were gone by 1984 (Figure 
2. 6) . Six (14% of the original sample) disappeared within 
eighteen months of death; nine more (24% of those remaining in 
1980) disappeared by the third summer (1981), Clearly, carcasses 
of calves were relatively easily carried off, at least compared 
to adult carcasses. Hence, some calf carcasses may have 
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disappeared between the time that the animals died and my search-
ing for their remains in summer after the melt. However, the 
error in estimating total annual mortality was unlikely to have 
been large . Calves contributed, ,at most, half of all deaths in 
any one y ear (Chapter 4) and the rate at which their carcasses 
disappeared increased during the first two years after death as 
they became increasingly disarticulated (below) . Assuming, 
therefore, that the rate at which they disappeared between the 
moment of death and my searching for them in summer did not 
exceed 14% (the rate between the first and second summer after 
death) then the error due to disappearance of carcasses would 
have been [0.14 x 0.5 x the total number of carcasses], i.e. <2% 
of the population even in years when mortality was highest (Chap-
ter 4). This is too little to have compromised interpretation of 
results because both seasonal and annual differences in rates of 
mortality were so large (Chapter 4) 
2.4.2 Success at finding carcasses . 
In five years after 1979 I counted over 350 carcasses (Chapter 4) 
but came upon only two which, without doubt, had been overlooked 
previously. ca-rcasses which remained in s i tu gradually broke up 
and their bones scattered and disappeared. Each became less and 
less conspicuous as time progressed. The 'bones of carcasses of 
adults and calves which remained in si tu disappeared Cl-i;. about 
the same rate (Figure 2.7). 
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Rate of disarticulation and disappearance of bones from 
carcasses. The histogram shows the median 'intactness score' of 
the carcasses of reindeer which died in the winter 1978/79 in 
each subsequent summer (see section 2.2 for details). 
Most of the carcasses marked in 1979 were more than 75% 
'intact' one whole year after death (i.e . . in summer 1980; Figure 
2. 7) . Thus, even assuming, conservatively, that carcasses became 
too inconspicuous to be noticed once less than half the skeleton 
remained (i.e. when their 'intactness' score fell below 0.5) most 
were still sufficiently intact in the second summer after death 
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to have stood a good chance of being found, had they been over-
looked in the first. I concluded that repeated (annual) searches 
were a useful way of checking that I found most carcasses. 
2.4.3 Sex of carcasses. 
I was able to determine the sex of 60.1% of dead reindeer 
(including 95.4% (N = 263) of adults but only 24.4% (N = 238) of 
calves; Table 2.5). Sixteen dead adults and yearlings whose sex 
Table 2.5 
Success at determining the sex of carcasses. 
Number of carcasses 
Number sexed 
Sex not determined 
Proportion sexed(%) 
A: Adult 
Y: Yearling 
C: Calf 
U: age not determined. 
A 
263 
251 
12 
95.4 
y 
7 
3 
4 
42.9 
C 
238 
58 
180 
24.4 
u 
11 
0 
11 
0 
Total 
519 
312 
207 
60.1 
was not determined included three adults which were poached and 
only the skin remained; one adult which was killed by dogs and 
disposed of by the authorities in Longyearbyen who omitted to 
record its sex; eight adults which were inaccessible on mountain 
sides and four yearlings (below). The number of carcasses sexed 
by each (of five) different methods is show in Table 2 . 6. 
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Table 2.6 
Number of carcasses sexed by each of five different methods. 
Adults Yearlings Calves Total 
-------
---------
------ -----
Method* M F M F M F 
Sex organs/urine stain 24 11 3 0 31 27 96 
Antlers 17 0 0 0 0 0 17 
Antler pedicels 84 0 0 0 0 0 84 
m.r.a.** 13 102 0 0 0 0 115 
Total 138 113 3 0 31 27 312 
* 
. See Table 2 . 2 . 
* * : Breadth of the medial rim of the acetabulum (Appendix 1 ) . 
M Number of males. 
F . Number of females. . 
2.5 POPULATION SIZE AND RATE OF INCREASE. 
2.5.1 Correcting the raw data. 
Raw census data are summarised in Table 2.7. Nineteen reindeer 
were added to the total for 1979 (4 .3% of the observed popul-
ation) and 25 were added to the total for 1980 (4 . 0%) to make 
allowance for ·reindeer in blocks 1 & 13 (Figure 2.2) which were 
not counted in those years. Details of this are given in Table 
2.8. Further adjustments were necessary ' to compensate for mis-
taken classification of yearlings and two year olds (section 
2.5.2). Corrected census data for Adventdalen are given in Table 
2.9: these values were used throughout the subsequent analysis. 
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Table 2.7 
Number or reindeer in Adventdalen in summer: raw data from censuses. 
>2 years old 
Total males females yearlings calves unidentified 
1979* 438 113 214 42 56 13 1980** 627 123 212 86 170 36 1981 538 168 244 49 55 22 1982 664 197 241 53 156 17 1983 769 192 274 86 182 35 1984 407 161 166 29 15 36 
* Blocks 1 & 13 omitted (See Figure 2.2). 
** Block 14 included in this year only. 
2.5.2 Accuracy of censuses. 
Counting. The expected population, reconstructed from data on 
reproduction and mortality collected from 1979 to 1983, differed 
only 4.2% from the population observed in 1983 (Table 2.10). 
This suggested both that there had been negligible net dispersal 
of reindeer into or out from Adventdalen during that time and 
that, on average, errors in counting both reindeer and carcasses 
must have bee~ similar . I was confident that I found a high 
proportion of all carcasses in Adventdalen (section 2.4.2), In 
each year from 1979 to 1983, therefore, differences between the 
expected and observed population probably approximated the actual 
census error. 
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Table 2.8 
Correction of census data from 1979 and 1980 . 
Number and proportion of reindeer in Blocks 1 & 13* 
--------------------------------------------------------N M f F f y f calves f u f 
Block 1 
1981 9 8 0.048 0 0 0 0 0 0 1 0.045 
1982 24 14 0.071 4 0.016 3 0.057 1 0.006 2 0.118 
1983 22 12 0.063 5 0.021 3 0.035 2 0.011 0 0 
1984 16 14 0.087 1 0.004 1 0.034 0 0 0 0 
mean f : 0 . 067 0.010 0.032 0.004 0.041 
1979 8 2 1 0 1 
1980 10 3 0 1 2 
Block 13 
1981 12 11 0.065 0 0 0 0 0 0 1 0.045 
1982 11 9 0.046 0 0 2 0.038 0 0 0 0 
1983 13 6 0.031 0 0 0 0 0 0 7 0 . 200 
1984 4 2 0.012 0 0 2 0.069 0 0 0 0 
mean f: 0.039 0 0.036 0 0.061 
1979 4 0 2 0 1 
1980 7 0 0 0 2 
*= See Figure 2.2. 
N: Number of reindeer counted in each Block. 
f : The proportion of the total number of reindeer .counted in 
summer f ound in Blocks 1 & 13. 
M: Males; F: females; Y: yearlings; U: unidentified reindeer. 
Example: 14 males were counted in Block 1 in 1982; these were 
7.1% of all adult males counted in Adventdalen that year. On 
average, 6.7% (mean f) of adult males in Adventdalen were found 
in Block 1 during summer censuses. Values for 1979 & 1980 
calculated by multiplying total for those years by the mean f for 
each age and sex. 
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Table 2.9 
Number of reindeer in Adventdalen in summer: corrected data. 
Corrected values (sections 2.5.1 and 2.5.2) are underlined. 
Number of reindeer 
>2 yrs old unidentified Density** 
----------
------------
reindeer/ 
Total M F y C* n % km2 
1979 457 125 216 45 56 15 3.3 3.05 
1980 654 144 236 61 173 40 6. 1 4.36 
1981 539 129 235 97 56 22 4. 1 3.59 
1982 665 197 241 53 157 17 2.6 4.43 1983 771 192 274 86 184 35 4.5 5.14 
1984 407 161 166 29 15 36 8.8 2.71 
M: Males. F: Females. Y: Yearlings. C: Calves. 
* Includes six calves which died soon after birth. 
** Calculated over the area of productive ground below 200 m 
a. s. 1. ( see section 1. 7) . 
The annual census, like the estimates of mortality, was 
essentially a total count (a 100% sample). The most likely 
error, therefore, would have been underestimating numbers by not 
counting all the reindeer actually present rather than over-
estimating them by counting animals twice. A balance sheet 
population confirmed this: every year (except 1980) I observed 
fewer reindeer ~han expected (Table 2.11). 
The thirty-five 'extra' reindeer in 1980 (Table 2.11) might 
have been immigrants. Alternatively, the total number of rein-
deer might have been underestimated in 1979. It .is impossible to 
say which. The difference between the expected and observed 
population was small (<4%) in 1980/81 and 1982/83 but increased 
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Table 2.10 
Population balance sheet for 1979 until 1983. 
Total births 1979-1983 626 
Total deaths 1979-1983 224 
NET INCREASE 1979-1983 402 reindeer (a) 
Population in 1979 (less calves) 401 II ( b) 
Population e xpec ted in 1983 803 II (a) + ( b) TOTAL POPULATION OBSERVED IN 1983 771 II ( C) 
Error = (a+ b)-(c)/(c) X 100% = 4.2% 
to 7.0% in 1982/83 (Table 2.11). There was no reason to think 
that the census made in 1983 was less accurate than in the pre-
ceding years. Deficit of 44 reindeer might have been the result 
of emigration: 68 of the calves counted in 1982 were unaccounted 
for in 1983 (below). 
In the following year (1983/84) the pre-calving population 
apparently declined by 379 reindeer. Moreover, and there was a 
deficit of 194 animals in the accounting (Table 2.11). The 1984 
census was made later in the year than the other censuses in this 
study (Table 2.1) but considerable experience in counting had 
been gained by then. Even assuming that errors were twice as 
high as previously (i.e. 14%, maximum, so that the true total 
before calving might really have been 394 x 1.14 = 447) there 
still remained a deficit of 139 reindeer. I concluded that a 
large number of reindeer must have emigrated sometime between 
July 1983 and July 1984 . 
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Table 2.11 
Balance sheet for re i ndeer i n Adventdalen 1979-1984. 
Rei ndeer 
>1 
-
year old 
in the preceding Calves Total 
summer born morta li ty* 
1980 401 + 56 - 1 1 
--
198 1 481 + 173 - 163 
--
1982 483 + 56 - 1 4 
1983 508 + 157 - 34 
1984 58 7 + 184 - 185 
N: number of reindeer unaccounted for (o - e ) . 
* : Table 4.13. 
Population > 1 year old 
Expected ( e ) Observed (o) 
-· 446 481 
--
·- 491 483 
-·· 524 508 
= 631 587 
-· 586 392 
**: (o - e/e) x 100% = census error, except in 1983/84 (sect i on 2.5.2 ) . 
Corrected data (section 2.5) are under l ined. 
Discrepancy 
N %** 
+ 35 7 .9 
- 8 - 1. 6 
- 16 - 3. 1 
- 44 - 7 . 0 
-1 94 - 33. 1 
Identification. Not all reindeer were classified in each annual 
census Table 2 . 9) . Those animals which were not identified were 
normally solitary reindeer high up on mountains but , occasion-
all y, young animals were seen at close range and still not 
identified. Big males, calves (ea. 1 month old when censuses 
were made) and females with calves could normally be identified 
no matter how far away they were. 
There were 30 yearlings ' too many' in 1980: i.e. 56 calves 
were counted ali v e in Adventdalen in 1979 but there were 
apparently 86 yearlings there in the following year (Table 2.7). 
Three alternative explanations are: first, 30 calves might have 
been missed in 1979; second, 30 calves might have immigrated 
sometime between July 1979 and July 1980; third, 30 young adults 
(probably 2 year olds) might have been mistaken for yearlings 
during the 1980 census. 
The first of these alternatives was rejected because the 
census was made relatively late in 1979 (Table 2 . 1) by which time 
calves were up and active and so were less likely to have been 
missed in that compared with other years. The second explanation 
is unlikely because Svalbard reindeer are normally sedentary 
(Chapter 3): immigration by a relatively large number of reindeer 
(let alone all calves) during a favourable winter (the rate of 
mortality during 1979/80 was the lowest r~corded during this 
study; Chapter 4) seems only a remote possibility compared with 
the likelihood , third , t hat some r esident two y ear olds were 
wrongly classified as yearlings. There were 25 fewer adults (4 
males and 21 females) than expected in 1980 (uncorrected censu s 
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data). This was despite the fact that the balance sheet for the 
whole population recorded 35 'extra' reindeer that year (Table 
2 . 1 1 ) . It seems probable, therefore, that at least 25 of the 
'extra' 30 yearlings had really been two year olds. I added 4 
and 21 to the total of males and females respectively in 1980 
(Table 2.9). 
Exactly the reverse happened in the following year: there 
were 44 yearlings 'too few' in 1981: 173 calves were counted in 
1980, at least 80 of which died before the following summer 
(Chapter 4). Nevertheless, only 49 yearlings were counted in the 
1981. However, there were 39 males and 9 females more than than 
expected in 1981 (i.e. 48 'extra' adults; calculated using the 
corrected data for 1980 and the raw data for 1981). The obvious 
interpretation is that at least 44 of 48 the 'extra' adults were, 
in fact, yearlings which had been mistaken for two year olds. 
(This, incidentally, would leave only 4 out of 173 calves counted 
in 1980 not accounted for in 1981). An alternative explanation, 
immigration of about 40 adults, is unlikely: there were, overall, 
8 fewer reindeer than expected in 1981 (Table 2.11). 
adjusted the figures accordingly (Table 2.9). 
Again, I 
One case remains unexplained. One hundred and fifty-seven 
calves were counted in 1982 but only 86 yearlings and three dead 
calves were counted in the following year. There were 14 females 
more but 13 males fewer than expected in 1983 (Table 2.12) i.e. 
only one 'extra' adult . Sixty-eight unaccounted calves/yearlings 
are unlikely, therefore, to have been 'lost' through being 
wrongly classified as adults. Thirty-five reindeer were not 
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identified in the census but , even assuming that all the 
unidentified animals were yearlings, there remains a discrepancy 
of 33 missing yearlings. The most obvious interpretation of 
these facts is that many of the missing 68 calves left the study 
area sometime during the winter 1982/83. 
The corrected data show that there was a tendency for there 
to be more males and fewer females than expected each year (Table 
2 . 1 2 ) . However, the differences were not significant [5]. I 
concluded that there was no important difference in my ability to 
distinguish between the two sexes. 
These results suggest that census data were accurate pro-_ 
bably to within 10% and, above all, that counting was consistent 
between years. I concluded that data from different years could 
be used to calculate true rates of increase without further 
adjustment . 
2.5 . 3 Population size and rate of increase. 
Numbers increased from 401 reindeer before calving in 1979 to 771 
i n 198 3 and dropped to 4 07 after cal v ing in 1984 : a net decli n e 
of 10 . 9% in five years (Figure 2 . 8) . The annual rate of increase 
v a r i e d f r om +43. 1 to - 47.2% (Table 2.13 ) . Fluctuations were 
partly due to large differences in the number of calves in the 
population in summer (Table 2.9 , Figure 2 . 8). However, there 
we r e large differences in c a lf surv iva l (Chapter 4 ) and , with the 
e xc e p tion of 19 84, the number of c a l v es which s urvived to one 
year old varied relatively little (Table 2 . 14) . 
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Table 2.12 
Ba l ance shee t for ma l es and fema l e s > 1 year old i n Adventda l en. 
Reindeer 
> 1 year o l d Popu lation > 1 y e ar old Discrepa ncy -in t h e preceding Year - Tota l 
summer l ings* mortali ty** Expected Observed (o - e ) %# 
MALES 
1980 125 + 23 - 7 = 1 4 1 144 3 2 . 1 
- -1981 144 + 3 1 - 46 -- 129 140 1 1 8 . 5 --
1982 140 + 47 - 7 -- 18 0 197 17 9 . 4 --
en 1983 19 7 + 27 - 1 9 = 205 192 
-1 3 
- 6 . 3 en 
1984 192 + 43 - 32 = 203 1 6 1 
- 42 - 20. 7 
FEMALES 
1980 216 + 23 - 2 = 23 7 236 - 1 
- 0.4 
- -198 1 236 + 3 1 - 32 = 235 228 
- 7 - 3.0 
- -1982 228 + 47 - 3 = 27 2 24 1 
- 3 1 -1 1 . 4 --
1983 24 1 + 27 - 8 = 26 0 274 1 4 5.4 
1984 27 4 + 43 - 60 = 257 166 
- 9 1 - 35 . 4 
* As suming sex ratio of 1 : 1 ( section 2.3.3 ) . 
* * Ta b l e 4.13. 
# ( o - e / e) x 100 %. 
Co rrec t ed data (sect i on 2.5 ) are underl ined. 
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Figure 2.8 
Number of reindeer counted in Adventdalen each summer (corrected data, see section 2.5.1). 
Table 2.13. 
Observed annual rate of increase of reindeer in Adventdalen. 
1979/80 
1980/81 
1981/82 
1982/83 
1983/84 
Rate of increase (% per annum) 
Total population 
43.1 
-17.6 
23.4 
15.9 
-47.2 
Population ~1 year old 
6 7 
20.0 
0.4 
5.4 
15.6 
-33 . 2 
I 
I 
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Table 2.14 
Annual rate of recruitment in Adventdalen. 
1979 
1980 
1981 
1982 
1983 
1984 
Number of 
yearlings 
45 
61 
97 
53 
86 
29 
Proportion of 
precedi'ng year's 
calves 
recruited 
( % ) 
100 
53.8 
94.6 
54.8 
15 . 8 
*= yearlings:100 reindeer >1 year old. 
Rate of 
recruitment* 
( % ) 
11. 2 
12.7 
20. 1 
10.4 
14.7 
7.4 
Variation in the successful production of calves and in calf 
survival did not account for all fluctuation in rate of increase. 
The rate of increase of the population ~1 year old also varied 
considerably (Table 2.13), showing the importance of annual 
differences in mortality or emigration of adults. 
of population growth are described in Chapter 4. 
2.5.4 Emigration in 1983/84 . 
The mechanics 
One hundred an_d ninety-four reindeer remained unaccounted for 
after the census of 1984 (Table 2.11): I assumed that these must 
have left the study area during the winter of 1983/84. The 
missing animals included 42 males ~1 year old, 91 females >1 year 
old and 73 calves/yearlings (Table 2.15). These numbers 
represent 23.2% of reindeer ~1 year old and 37.9% of calves 
counted in 1983. A smaller proportion of males ~1 year old 
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Table 2.15 
Demography of the emigration in 1983/84. 
Population in 1983: 
Population in 1984: 
Total animals lost (by subtraction) 
No. of lost animals accounted for 
No. of lost animals unaccounted for 
Males ~1 year old unaccounted for: 
Females ~1 year old unaccounted for: 
Gross total >1 yr unaccounted for 
Net total animals >1 yr unaccounted 
Calves in 1984: 
Yearlings in 1984: 
Total calves lost 
No. of lost calves accounted for 
No. of lost calves unaccounted for 
771 after calving 
392 before calving 
= 379 
= 185 (carcasses) 
= 194* 
42 (from Table 2. 13) 
91 (from Table 2. 13) 
= 133 
5 (carcasses, 
sex unknown) 
for = 128 
184 
29 
= 155 
= 82 (carcasses) 
= 73 
TOTAL REINDEER UNACCOUNTED FOR: [(128 + 73) - 6 unidentified 
carcasses] 
= 195* reindeer. 
* Discrepancy of 1: 35 & 36 reindeer ~1 year old were not 
identified in the 1983 and 1984 censuses, respectively. 
appeared to have emigrated than females ~1 year old (18 .3 and 
28.7%, respectively, P <0.025 [6]). Mor~over, 35 and 36 reindeer 
~1 year old were not identified in the censuses of 1983 and 1984 
(Table 2.11): assuming the maximum error (i.e. that these were 
all of one sex one year and all of the other sex in the other), 
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the minimum proportion of animals of each sex which emigrated 
would have been 1.3% (males) and 17.4% (females), which confirms 
the female bias among adult emigrants. 
DISCUSSION 
The principal conclusion from results in this Chapter is that 
there was normally negligible net movement of reindeer either 
into or out of Adventdalen. The study area appeared to contain a 
discrete subpopulation of reindeer. Hence, changes in the number 
of reindeer counted within the study area each year might poten-
tially be explained in terms of variation in annual rates of 
birth and death, instead of merely shifting patterns of habitat 
use by nomadic reindeer which ranged all over Nordenski~ld Land. 
This important result required confirmation. Reindeers' daily 
and seasonal movements are described in Chapter 3. 
1983/84 is discussed in Chapter 7. 
The exodus of 
The main evidence for existence of a subpopulation came from 
demographic accounting using census results and carcasses. More 
than 92% of change in numbers from after calving one year to 
before calving in the next was accounted for each year (except 
1983/84; Table 2.11), despite both considerable variation both 
in the number of reindeer and the number pf carcasses counted 
each year and regardless of whether the data were pooled or 
analysed separately for each sex (Table 2.12). 
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The most important characteristic of the 'Adventdalen pop-
ulation' was that it appeared to be stable (sensu Chapter 1). 
There was no net change in numbers during the five years spanned 
by this study. In fact, there appeared to have been no net 
change in the density of reindeer in Adventdalen since the first 
count was made there in 1971 (Figure 2.9). The stable density of 
population had broad limits: from between 2.7 to about 4.4 rein-
-2 
deer. km 
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(Figure 2.9). 
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Census results from Adventdalen 1971-1984. Squares= census made 
on snow-scooters in March (Gossow & Thorbj~rnsen 1974) ; Open 
circles= census made on foot in summer (N.A,0ritsland and E. Alendal , unpublished data) . Filled circles= this study. Ecological carrying capacity for reindeer in Adventdalen is 
e v identl y between 400 and 650 reindeer, shown by the dotted lines. Population density is calculated on the basis of productive ground below 200 m a.s.l. (see section 1.7). 
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Three tentative conclusions can be drawn from this. First, 
the phase of growth representing recovery of numbers after 1925 
ended not later than 1971 (in Adventdalen). Second, the erratic 
annual fluctuations in numbers suggest that weather had an impor-
tant influence on the pattern of growth of the population. 
Third, one or more of birth, death and dispersal (emigration and 
immigration) must have changed sufficiently, on average, at or 
-2 
above a population density of about 2.7 reindeer.km (ea. 400 
animals} to have prevented both net growth in excess of, or net 
decline below, this level. This is explored in Chapter 4. 
STATISTICAL TESTS. 
[1] Sex ratio in yearlings: (H : ratio= 1:1). 
0 
Binomial test 
(Siegel 1956), (two tailed) P = Q = 0.5. 1979, z = -0.51, P 
> 0 . 4 ; 1980, z = -0.15, P >0.4; 1981, N = 18, x = 8, P >0.4; 
1983, z = -4.72, P <0.001; 1984, N = 22, x = 8, P >0.2. 
[2] Sex ratio in yearlings: all years combined. 
2 
Chi-squared test 
fork independent samples: X = 7.17, df = 4, 0.01< P <0.05. 
[3] Timing of -antler shedding: comparison between the proportion 
of females with antlers in October and the following May. 
Student's 't' test with percentages transformed to arcsine (Sokal 
and Rohlf 1969). Data from 1980/81 and 1981/82 combined: n = 
1 199, n = 237, t = -1.87, P = 0.031. 
2 s 
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(4) Timing of antler shedding: comparison between the proportion 
of females with antlers in March and April/May. As [3]: n = 
1 
237, n = 342 , t = -2.45, P = 0.007. 
2 s 
[5] Sex bias in identifying adult reindeer: comparison between 
the sexes of the ratios [expected:observed] for each sex in 
different years. Data from Table 2.12. 
2 
1979/80: ";(. = 
Chi-squared test for two 
independent samples: 
2 
1980/81: "'(, 
0.69, df = 1, n.s. 
2 
(P >0.3); 1981/82: "I-
(P >0.3); 
= 1.32, df 
= 1, n.s. 
= 0.76, df = 1, n.s. 
2 
(P >0.2); 1982/83: X = 0.79, df = 1, n . s. (P >0.3). 
(6) Sex difference in emigration: comparison of the ratio 
[males: females >1 year old counted alive in 1983) with the ratio 
[males:females which emigrated]. Chi-squared test for two 
2 
independent samples: "')(. = 5.38, df = 1, one tailed P <0.025. 
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Chapter 3 
RANGING BEHAVIOUR AND DAILY ACTIVITY 
INTRODUCTION 
The value of detailed demographic information of the kind which 
it was possible to collect in a relatively small area like 
Adventdalen (Chapter 2), lies in the possibility of being able 
legitimately to e x press results as rates of increase, fecundity 
and mortality. Only if that can be done can the information be 
used to investigate the processes which ultimately control animal 
density. The number of reindeer and carcasses counted in 
Adventdalen varied considerably from year to year but this was 
not itself evidence of changes in rates of birth and death. The 
differences could, for example, have been due merely to shifts 
around Nordenski~ld Land in the distribution of one homogeneous 
population of reindeer of which the animals in Adventdalen were 
just a part. A necessary condition of the validity of rates 
increase and mortality calculated from census results and carcass 
counts within the study area, therefore, was that reindeer norm-
ally remained there all year round and from one year to the next. 
Reindeer and caribou are typically migratory and seasonally 
nomadic . Many continental populations travel hundreds of km 
between distinct summer and winter ranges , (e.g . reindeer: Chernov 
1985 : 124; Skjenneberg and Slagsvold 1968 ; caribou: Kelsall 1968, 
Parke r 19 7 2 ). Animals whose s ummer a n d wi n ter pastu r es are 
conti g u ous ma y also ran ge e x tensi v ely, movi n g both seasonally 
(e . g. Gauthier and Theberge 1985) and within seasons in response 
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to local changes in the quality and abundance of forage, wind and 
harassment by insects (Curatolo, 1986; Skogland 1985b; 
Thomson 1977). Moreover, Peary caribou, close relatives of Sval-
bard reindeer (section 1.1) which also live on islands, 
occasionally travel extensively in winter, crossing several km 
sea ice apparently in response to reduced availability of food 
(Miller, Russell and Gunn 1977~; Miller and Gunn 1980). Hence, 
there was no a priori reason to suppose that Svalbard reindeer 
might not also be nomadic and that individual animals on Norden-
ski~ld Land, for example, might not range from Bellsund in the 
south to Sassenfjord in the north (Plate 2) . 
Results presented in Chapter 2 nevertheless provided 
indirect evidence that there was a discrete sub-population of 
reindeer in Adventdalen. Results from a tagging programme 
started in 1976 (section 3.1.1), moreover, indicated that animals 
remained in (or, at least, returned to) the same vicinity for 
long periods of time. Six reindeer were observed close to where 
they had been captured one year after their release; one animal 
was observed close to the site of its capture after two years 
(0ritsland 1977, 1979). Furthermore, Svalbard reindeer were 
known to spend less of their time walking about than other 
subspecies of Rangifer. Nyholm (1976) found that they spent ea. 
3% of their time walking or trotting in summer compared to 11% in 
Norwegian wild reindeer and 14% in barren-ground caribou (White 
et al. 1975) . Kastnes (1979) confirmed this result. Hence, 
there was reason to believe that Svalbard reindeer might be 
sedentary, in contrast to other Rangifer. 
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This chapter presents results from studies of the animals' 
seasonal ranging and daily activity. The aim was to determine 
whether Svalbard reindeer were sedentary or nomadic and, hence, 
to establish whether or not the 'Nordenski~ld Land population' 
might, in fact, comprise several adjacent but distinct sub-
populations. The daily and seasonal movements of individual 
reindeer were studied using radio telemetry to locate the 
animals. I relied, however, on large numbers of ear tagged 
animals to investigate individual's long-term fidelity to 
particular areas. A study of reindeers' daily patterns of 
activity and activity budgets in different seasons complimented 
the study of daily movements and provided information needed for 
modeling reindeers' energy balance in winter (Chapter 5). 
METHODS 
3.1 MARKING AND TRACKING REINDEER. 
3.1.1 Ear tags and inert collars. 
One hundred and twenty-four reindeer were caught, marked and 
released in Nordenski~ld Land between 1976 and 1982 (Figure 3.1). 
One hundred and seventeen of these (26 males ~1 year old & one 
male calf; 85 females ~1 year old and five female calves) were 
caught and released in 1976-1978, i.e. before this study began 
(0ritsland 1977 , 1979) . Seven animals (five adult males and two 
adult females) were marked and released in 1980-1982. Reindeer 
were captured either directly from snow-scooters or by herding 
them into temporary paddocks (similar, in principle, to the one 
76 
1
11 
, I 
ao·N~ 
I~~ 
Figure 3.1 
6 
N 
0 10 20 30Km 
One hundred and twenty-four reindeer were caught, marked with a 
numbered plastic collar or ear tags and released again on Norden-
ski~ld Land between 1976 and 1982. This map of Nordenski~ld Land 
shows the areas in which reindeer were marked and hbw many of 
each sex were marked in each area. Clockwise from the left: 
Gr~nnfjorden, Colesdalen, Adventdalen, ColoradoplatA, Reindalen. 
The types of collars/ear tags used in each area are listed in 
Table 3.1. 
described by Larsen (1965)) or were immobilised with etorphine (M 
99) injected from a projectile syringe fired from a compressed-
air gun (Injekta senior: L.Martinsen, Norinject, 1550 H~len, 
Norway), Three types of plastic collars and ear tags were used 
to mark the animals: 
a) Apollo 11 ear tags (Ketchum Manufacturing Sales Ltd., 
Ottawa, Canada); orange, c . 7 x 10 cm . Each carried a two or 
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three character code e.g. "K2", "X34" written with indelible 
black ink in letters 4 cm high. Fifty-nine reindeer were fitted 
with two of these tags (one in each ear, each bearing same code). 
b) Sheep tags; dark red or dark green, c. 3 x 3 cm. Each tag 
carried a two digit number c. 2 cm tall, impressed into the 
plastic. Forty-nine reindeer were fitted with two of these each. 
C) Non-expanding deer collars; black, c. 10 cm wide. These 
carried a single white letter, c. 10 cm tall, on each side . 
Eighteen adult females were fitted with these collars. 
The number of reindeer marked and the type of ear tag or collar 
used in different parts of Nordenski~ld Land is given in Table 
3. 1. 
Table 3.1 
Number of reindeer marked and types of plastic ear tags/collars 
used in different parts of Nordenski~ld Land*, 1976-1982. 
Collar Apollo tag Sheep tag 
------
---------- ---------
Site M F M F M F Total 
Adventdalen 8** 11 15 7 19 58 
Reindalen 2 6 22 30 
GnzSnnf jorden 5 9 14 
Coloradoplat! 8 2 7 17 
Colesdalen 1 4' 5 
Total 18** 18 41 14 35 124 
* See Figure 3. 1 
** Two of these had sheep tags as well. 
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I made no systematic searches , for marked reindeer 
either inside or outside Adventdalen but relied, instead, on 
chance sightings made chiefly while counting and classifying 
reindeer (section 2.1). 
3. 1. 2. Radio collars. 
Five female reindeer were immobilised in Adventdalen in February 
and March 1982. Each was fitted with an adjustable, non-
expanding, flexible plastic collar, painted in distinctive bright 
colours, onto which a small radio transmitter (Telonics Tele-
metry, Mesa, Arizona 85202) had been bolted . Each transmitter 
weighed ea. 0.4 kg and transmitted continuously at a discrete 
frequency. Reindeer were tracked using a portable receiver 
(Telonics TR - 2) and a hand-held, direction-sensitive antenna. 
Searches were made as frequently as time and weather permitted 
and continued until the target animals were actually seen , where-
upon their location was recorded. Only one location was recorded 
per animal per search day. Data were collected from February to 
August 1982 . The approximate age of each of the animals, the 
date on which each was captured, collar colours and radio 
frequencies are given in Appendix 2. 
3.1.3 Analysis of tracking data. 
The net horizontal distance (km) between two consecutive 
sightings of an animal was calculated by trigonometry. 
net distance which an animal had moved per day between 
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consecutive sightings was estimated by dividing the total net 
distance traveled by the number of days which had elapsed between 
first and last sightings. All data from sightings made >4 days 
apart were rejected. 
Reindeer moved about little within seasons. Sightings 
typically fell into two clusters, one for observations made in 
winter (February to May) and one for observations made in summer 
(June, July and August). Polygons were constructed by enclosing 
all points within such a cluster. Polygons described in this way 
were assumed to represent approximately the area occupied by each 
reindeer during the period between the first and last dates of 
the sightings enclosed. 
3.2 TEMPORAL ORGANIZATION 
3.2.1 Twenty-four hour watches. 
Data were collected during late winter (March and April) 1980, 
1981 & 1982 and summer (June to August) and autumn (October) 1981 
& 1982. Groups of between 3 and 7 reindeer (see Table 2.3) were 
observed continually for periods ranging from 6 to 28 hours. 
There is contin~ous daylight in Svalbard from mid March until 
late August; observations in October were confined to daylight 
hours. The choice of groups depended largely on the terrain . 
Data were collected only in calm weather . Animals were observed 
through x7 binoculars or a x20-60 spotting scope from distances 
varyihg from 100 m to 2 km. Groups were scanned every fifth 
minute and the activity of each reindeer at that instant was 
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recorded. Four activities were recognised: grazing , lying down , 
walking/trotting and 'other' (includes standing, social inter-
actions and maintenance activities), Reindeer could be recog-
nised individually by their sex, age, antlers, colour or position 
and separate records we re kept for each animal. The proportion 
of time that a reindeer devoted to each type of activity was 
calculated by dividing the total number of records of it perfor-
ming each activity by the total number of 5 minute records made 
of that animal during one period of continual observation . 
3. 2. 2 Focal animals. 
To measure the intensity of grazing (i.e. the proportion of time 
during a period of grazing which reindeer spent actually 
feeding), one animal was selected at random from within a group 
of grazing reindeer and watched continuously for 10 to 30 
minutes. A continuous commentary describing its activity was 
recorded with a pocket dictaphone. Three components of behaviour 
were recognised within a period of grazing: (i) feeding 
(gathering or ingesting food) , (ii) digging snow and (iii) all 
other non-feeding activities (walking, searching for food, look-
ing up and maintenance e.g . suckling, grooming, defecating, urin-
ating). Each footstep and each stroke with one or other front 
leg when digging snow was counted. The dictaphone tapes were 
subsequently transcribed and the duration of each behaviour (i.e. 
feeding, digging, other) was timed to 1 s with a stopwatch. 
Grazing intensity was calculated as [feeding time/ (feeding time 
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* ' Grazing' i s defined here as all activities that comprise collecting, gathering 
and ingesting food and therefore includes walking between bites, looking up bet-
ween bites and digging snow. See, for example, Table 3.7 . 
I: 
+ digging time+ other)] x 100%. Digging rate was calculated 
from [total number of digging strokes/ total time spent digging] 
-1 
= strokes.min 
3.2.3 Analysis of activity data. 
All continual records of activity <6 h duration were rejected. 
Most (69%) of the remaining data (n = 806 reindeer.hours) were 
collected during observations of >24 h. The rest (n = 364 rein-
deer.hours, from observations of between 6 and 24 h duration) 
were included after graphical analysis of the 24 h data (winter) 
and combined data (summer) showed that there was no pronounced 
diurnal rhythm of activity (section 3.4.1). Activity records 
from individual reindeer were combined within seasons and 
seasonal budgets (i.e. the percentage of time that animals 
devoted to each of four categories of activity) were calculated 
using the median values for each activity. The mean grazing 
intensity in different seasons was calculated after transforming 
measurements (percentages) to arcsine (Sokal and Rohlf 1969:386). 
RESULTS 
3.3 FIDELITY TO ADVENTDALEN 
3.3.1 Re-sighting marked animals. 
Effectiveness of different types of tag. Fifteen out of 26 rein-
deer marked in Adventdalen with 'Apollo' tags were seen again at 
least once during this study, compared to seven out of 26 marked 
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with the small tags and one out of eight marked with collars. 
The collars were not reliable; two were found on the tundra after 
they had fallen off. The numbers on the small tags were effect-
ively illegible from more than 5 mowing to poor contrast between 
the characters and their dark green or red background. In 
addition, these tags pressed close to the ear where they tended 
to be concealed by reindeers' long fur. The large, orange 
'Apollo' tags dangled conspicuously below the ears but the 
numbers on them were not sufficiently bold (characters c. 3 mm 
broad) to be read from more than 50 m, even with a spotting 
scope, unless they happened to be hanging quite still. In 1982, 
two animals were marked with 'Apollo' tags on which numbers had 
been written in characters about 1 cm broad: these were much 
easier to read. 
Frequency of re-sighting. A total of 154 successful observations 
of marked reindeer were made in Adventdalen between· 1979 and 1984 
(i.e. observations in which the numbers/letters on the reindeers' 
ear tags/collar were read). Twenty-one different reindeer were 
seen, including nineteen which had originally been marked in 
Adventdalen. A furth~r three animals which had been marked there 
were found dead before this study began and one animal is known 
to have emigrated (below). Hence, 23 out of the total of 58 
reindeer marked in Adventdalen between 1976-1982 were recognised 
at least once again after they were released , 22 of them still in 
the valley. 
Of the 22 reindeer marked in Adventdalen and identified 
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there subsequently, ten were observed only once - seven of these 
when they were found dead; three were recognised twenty times 
(the maximum number). The median number of sightings of marked 
animals, excluding those which were found dead was 11.2 (n = 14). 
Sixteen of the 22 animals were observed, at least once, more than 
2 years after they had been been released; nine of the sixteen 
were observed in Adventdalen 4 or more years after their release. 
The longest interval between a reindeer being marked in Advent-
dalen and the last occasion on which it was recognised there was 
6 years 5 months (n = 2); the median interval between catching a 
reindeer and the last sighting of it alive in Adventdalen was 4.0 
years (n = 19). 
3. 3. 2 Seasonal fidelity to particular areas. 
Ear tagged animals. Individual marked reindeer were consistently 
found in the same part of the study area. Examples showing four 
reindeer, recognised over periods varying from 4 to 7 years, are 
giveri in Figure 3.2. Each of these animals was seen only within 
a relatively small part of the study area . Each appears to have 
used that part of the study area traditionally - each was found, 
within seasonst in approximately the same place in different 
years. Two of them used different parts of the study area in 
different seasons. Male "K6" and female !'7 0 " were seen on Platft-
berget, a plateau 500 m a . s . l . on the coast at the south side of 
Adventfjorden, in late winter in 3 and 4 different years, respec-
tively. Male "K6" moved off the plateau in summer but stayed 
near the coast; he was seen on the south side of Adventdalen 
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Reindeer: (:j? 70 0 5 10 Km 
Sept. 1980 
!.) 
Reindeer: 6 K6 0 5 10 Km 
Figure 3.2 (continued on the next page). 
Observations of four marked reindeer in Adventdalen in different 
years. Each letter represents one observation of the animal made 
during the months indicated and specifies the year in which that 
observation was made: A - 1979; B - 1980; C - 1981; D - 1982; E -
1983; F - 1984; G ~ 1985 . Asterisk= site where the reindeer was 
caught and marked. Spring and summer (May to September) and 
winter (March & April) observations of male 'K6' are separated on 
the diagram by a dotted line . (1985 data from Severinsen 1985). 
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Reindeer: ~ 70 0 5 10 Km 
Sept. 1980 
!.) 
Reindeer: <3' K6 0 5 10 Km 
Figure 3.2 (continued on the next page). 
Observations of four marked reindeer in Adventdalen in different 
years . Each letter represents one observation of the animal made 
during the months indicated and specifies the year in which that 
observation was made: A - 1979; B - 1980; C - 1981; D - 1982; E -
1983; F - 1984; G ~ 1985. Asterisk= site where the reindeer was 
caught and marked. Spring and summer (May to September) and 
winter (March & April) observations of male 'K6' are separated on 
the diagram by a dotted line. (1985 data from Severinsen 1985). 
85 
Reindeer: ~ K7 0 5 10 Km 
1 j 
April 1978 
,,.. 
~~~,A 
Reindeer: ~ X34 0 5 10 Km 
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close to Adventfjord in 5 successive years. Female "70" also 
left the plateau in summer but moved c. 20 km inland, where she 
was seen, still on the south side of the valley, for four years 
in succession . Females "K7" and "X34" were also observed 10 to 
20 km from the coast on the south side of the valley in summer, 
in this case for four and six different years, respectively. 
These two animals were never seen in winter. 
Radio-collared animals . The five radio-collared reindeer were 
located on a combined total of 173 occasions between 7 February 
and 26 August 1982: 138 times in winter (before 1 June) and 35 
times in summer. The difference in the number of sightings in 
each season reflects my greater mobility in winter: a trip round 
Adventdalen to locate all five animals sometimes took less than 
one hour on a snow scooter, compared with 3 or 4 days on foot. 
This greatly influenced the number of times which different 
animals were located in summer. "RED" stayed within 5 km of the 
MAB station all summer and, consequently, was located 18 times; 
the other four animals spent the summer more than 15 km away and 
were located only between 1 and 9 times each. 
summarised in Appendix 2. 
Results are 
All the radio-collared reindeer were sedentary within 
seasons (with the possible exception of "BLUE-YELLOW" which was 
seen only thirteen times) and confined t~emselves within areas of 
2 
less than about 5 km for several weeks or even months at a time 
both in summer and winter (Figure 3.3). Three 0£ them traveled , 
on average, less than 1 km net per day in winter (Table 3 . 2 : too 
8 7 
11 I 
18 July 
Red 0 5 10 Km 
August 
Red-Yellow 0 5 10 Km 
Figure 3.3 (continued on the next page). 
Maps showing the movements of the five female reindeer which were 
tracked during 1982. Each map gives results from one reindeer, 
designated by the colour of its collar (see also Appendix 2). (n) = the number of times each animal was located within the area 
and between the dates indicated. Horizontal hatching= range in 
winter (February to 31 May); vertical hatching= range in summer. 
Filled circles= single observation of an animal outside its 
'normal ' winter range. Triangle= single observation of an 
animal outside its 'normal' summer range. Asterisk= site where 
the animal was caught and marked. 'C' = calving site. 
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BLUE 0 5 10 Km 
~ 9-21 C~~gu~st  .250m 
Bolternosa ~ 
~~ 
3 April-22 J~ne \ 
( 17 : 2 sightings & 15 contacts by radio) 
V u 
Green 0 5 10 Km 
Blue- Yellow 0 5 10 Km 
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few data were collected to calculate daily rates of movement for 
"BLUE-YELLOW" and "GREEN" - see Appendix 2). "BLUE" moved 
... 
significantly further per day (0.7 km) in winter than either 
"RED" or "RED-YELLOW" (0.2 km each) [1]. All the reindeer were 
individually highly consistent in their rates of movement during 
winter: the mean net distance each moved per day did not differ 
significantly between months for any of them (Table 3 . 2) [2]. 
Table 3.2 
Mean net distance (km) three female reindeer (radio-collars 
"BLUE", "RED" & "RED-YELLOW") traveled per day in different 
months in 1982 (± S.E . M.). 
BLUE RED RED-YELLOW 
km n km n km 
February 0.8 + 0.28 6 0.2 + 0.09 7 
March 0.7 + 0.16 20 0.2 + 0.04 23 0.3 + 0 . 09 
April 0.7 + 0.21 7 0.2 + 0.03 5 0.2 + 0.04 
May 0.6 + 0.24 6 0.1 + 0.05 6 0.9 + 0.27 
ns ns ns ( 1 ) 
n 
7 
6 
7 
Winter 0.7 + 0. 11 39 0.2 + 0.03 41 0.2 + 0.05 13 
mean ( 1 } 
June 0 0 . 7 + 0.22 9 2.1 + 0.73 3 July & 0.2 2 0.2 + 0.06 8 0 . 1 + 0 . 05 3 
August 
n Number of . sightings made < 4 days apart. 
1 Excluding May (see text). 
*** 
p <0.001 [ 1 ] . 
*** 
The mean distance which "RED-YELLOW" and "RED" traveled per 
day increas ed sharply in June due to their moving inland for 
calving (Table 3.2 & Figure 3.3). "BLUE-YELLOW", likewise, left 
the area where she had spent the latter part of winter and moved 
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inland. She, however, went further than the others and was 
eventually found in Sassendalen (Figure 3 .3 ) . "BLUE", in 
contrast, moved slowly up Adventdalen in March and April and 
reached the area where she subsequently had her calf by 9 May, 
about one month before calving (Figure 3.3) . "GREEN" remained 
on Bolternosa until the end of June. She was a young animal 
(either 1 or 2 years old in February 1982; Appendix 2) and was 
probably not pregnant in the winter of 1981/82. She was not 
accompanied by a calf when seen subsequently in summer. " RED", 
"BLUE" and "RED-YELLOW" were sedentary in summer, traveling, on 
average, only 0.2 km per day in July and August (Table 3 .2 ). 
3.3.3 Immigration and emigration of marked animals. 
Sixty-six reindeer were marked outside Adventdalen in 1979-1978 
(Figure 3.1); only two of these were ever observed in the study 
area. Female "X3", marked in Fardalen in March 197-8, was seen in 
Adventdalen once in May and once in June 1979; male "X21", marked 
in Riindalen in April 1978, was seen in Adventdalen twice in July 
1979 and once in August 1981 (Figure 3.4). It is not known 
whether either of these animals remained in Adventdalen 
permanently . 
One marked reindeer is known to have emigrated, probably 
permanently, from Adventdalen: male "71" was seen near 
Barentsburg in August 1981 , 35 km and four and a half years after 
being marked on Plat&berget (Figure 3 . 4) . Three females, "X69", 
"GREEN" and "BLUE-YELLOW", were each observed outside Adventdalen 
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once (Figure 3.4) but were also observed inside the study area 
again on at least one occasion subsequent to that. 
summarised in Table 3.3. 
10 
Figure 3.4 
Results are 
20 30Km 
Immigration and emigration of marked reindeer into and out f r om 
Adventdalen . Arrows , each representing the journey of one 
marked reindeer (specified by its sex and code number) , point 
from where it was caught and marked to whire it was subsequently 
seen . The dotted arrows represent emigrants which were 
subsequently observed hav ing returned to Adventdalen. (See also 
section 3 . 3 . 3 and Table 3 .4 ) . 
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Table 3.3 
Immigration and emigration of marked reindeer into and out from 
Adventdalen*. 
Originally 
Reindeer marked 
Immigrated 
X21 M Reindalen 
April 1978 
X3 F Fardalen 
March 1978 
Emigrated 
71 M Platgberget 
May 1977 
. X69 F Platg_berget 
May 1977 
Blue- F Adventdalen 
Yellow Feb. 1982 
Green 
F 
Adventdalen 
Feb. 1982 
M: male; F: female; 
Subsequently · 
observed 
Adventdalen 
July 1979 
August 1981 
Adventdalen 
May & June 
1979 
Barents burg 
August 1981 
DeGeerdalen 
July 1979 
Sassendalen 
August 1982 
Sassendalen 
July 1982 
* see also Figure 3 , 4 , 
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Comments 
Not known whether it stayed in 
Adventdalen. 
Not known whether it stayed in 
Adventdalen. 
Net distance= 35 km: only 
proven example of long dis- · 
persal by a Svalbard reindeer. 
Returned to Adventdalen; seen 
on Platgberget March 1982. 
Not seen again until observed 
in Adventdalen in April 1984. 
Seen in Adventdalen Aug. 1982; 
June & July 1983·; April & Sept. 
1984. 
3 . 4 ACTIVITY 
3.4.1 Twenty-four hour activity budget. 
Svalbard reindeer displayed no pronounced diurnal rhythm in their 
pattern activity of during periods of continuous daylight (Figure 
3 . 5); consequently, all records of activity >6 h were combined 
within seasons. 
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Figure 3 . 5 
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0 
SUMMER 
Males & Fema-les 
-
-
~ 
-
~ 
-
00-04 04-08 08-12 12-16 16-20 20-24 
TIME OF DAY (GMT+ 2hrs) 
Mean percentage of time which adults spent grazing at different 
times of day during summer (June, July & August) and late winter (April). Winter: data from continual observations ~24 h (males, 
N = 5 ; females , N = 18) . Summer : data from continual 
observation of reindeer for periods of between 6 and 24 h: total 
observation time in each period 00 - 0 4 to 20-24 = 10, 16, 27 , 4 3 , 
43 , & 18 h , respectively . GMT= Greenwich mean time . 
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Reindeer spent more than 96% of their time in summer and 
late winter either grazing or lying down (Table 3.4). Activity 
was highly synchronized within groups (Figure 3.6). Daily 
activity budgets of adult males, adult females and calves were 
similar in April (late winter) (Table 3.4). Males and females 
spent more time grazing in summer (c. 68%) than in winter (c. 
53%) (Table 3.4). Both sexes spent about the same proportion of 
their time grazing in summer, overall (Table 3.4) but lactating 
females spent 84.4% of their time grazing in June, when the 
calves are born (Chapter 4); this decreased to 50.4% by October 
(Table 3.5). 
Table 3.4 
Daily activity budget of Svalbard reindeer: median percentage of 
time devoted to four categories of activity in summer and late 
winter. 
Median % 
No. No . 
----------------------------
reindeer- obser- graz- lying walk/ other 
hours vations ing down trot 
observed >24 h 
Late Males 181.2 5 52.6 45.2 1. 3 0.9 
winter* Females 656.8 18 53.7 44.6 1. 4 0 .3 
Calves 179.9 7 53.0 43.4 2.9 0.7 
Summer & Males 48.0 2 66.7 33.1 0 0.2 
Autumn** Females 104.4 0 70.2 28.7 1. 1 0 
Total 1170.3 32 
* April. 
** Males, August; Females, June to October. 
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Figure 3.6 
Diagram representing the activity of a group of eight reindeer (six adults and two yearlings, 'y') during a period of 28 hours from 1800 h on 31 March to 2200 h on 1 April 1982. 
Table 3.5 
Daily activity budget of lactating females during different 
months in summer and autumn. 
June 
July-August 
October 
Median% time spent: 
Grazing 
84.4 
69.8 
50.4 
Lying down 
13.6 
30.0 
47.1 
Other 
2.0 
0.2 
2.5 
N 
5: 6 .2 + 0.3 
7: 7.2 + 1. 8 
3: 7.6 + 0 
N: Number of animals observed: mean duration of observation per 
animal (h) + SD. 
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3 . 4.2 Structure of grazing bouts. 
'* Grazing bouts varied considerably in duration both in summer and 
in winter. Bouts lasted from 35 minutes to almost 8 hours (Table 
3. 6) . They tended to be shorter . in mid-summer than late in 
winter but the difference was significant only in males (3) . 
Females tended to have longer grazing bouts than males and calves 
at all times (Table 3.6) but the differences were not significant 
[ 4] . 
Table 3.6 
Duration of grazing bouts (1) (minutes) in different months. 
April (min.) July-August (min.) 
---------------------- ----------------------Median Range SD N Median Range SD N 
Males 168 35-265 61 19 * 133 50-255 54 12 Females 180 35-465 94 87 ns 163 60-185 46 6 Calves 165 45-405 79 31 
ns ns 
1 Period between one bout of lying down and the next (see Fig . 3. 6) . 
N Number of bouts . 
* P <0 . 05 (3). 
All reindeer grazed with similar intensity (5) . They 
appeared to graze slightly less intensely in March (80 .4% of 
grazing time sp~nt feeding) than in October (89 .9%, P <0.01 [ 6] ) • 
This was because, in winter, they spent a significant proportion 
of grazing time digging snow : the amount of grazing time devoted 
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* A grazing 1bout1 i s a period during which the animal's principal activity was 
f~eding. Brief periods of walking, for ,example , between patches, are included in a bout but periods of lying down and ruminating or standing gaz ing about are 
not included . See, for example , Figure 3.6. 
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to non-feeding activities other than digging fell from 10.1% in 
October to 4.2% in March (Table 3.7). There was no significant 
difference in the proportion of grazing time which males, females 
and calves spent digging snow [7] nor in the rate at which they 
dug (Table 3.8) [8]. Neither was there any significant 
difference, within months, in the number of footsteps males, 
females and calves took per minute of grazing [9]; the combined 
-1 
mean, however, fell from 9.6 steps.minute 
-1 
steps. minute in March ( Table 3. 8) . 
Table 3.7 
in October to 1.9 
Grazing intensity: proportion ( % ) of grazing time spent feedin-g 
in different months. 
Proportion of grazing time (%) (1) 
March 
October 
Feeding 
80.4 + 0.5 
89 . 9 + 2.5 
** 
1 Mean+ SD. 
Digging snow 
15.4 + 0.3 
Other (2) 
4.2 
10. 1 
2 Non-feeding activities besides digging. 
N 
22, 452 
11, 173 
N Number of animals observed; number of grazing minutes 
recorded. 
** P <0.01 [6]. 
DISCUSSION 
Svalbard reindeer are sedentary animals. They neither migrate 
long distances nor are nomadic like other sub-species of 
Rangifer. On the contrary, they appear to restrict their daily 
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Table 3.8 
Rate of walking while grazing (footsteps/min.) in March and 
October and rate of digging snow (strokes/min.) in March. 
-1 -1 
Steps.min * N Strokes.min * N 
March 
Males 2.0 + 0.7 2 : 53 18.5 + 3.9 4 : 1219 
Females 1. 7 + 1. 6 10: 374 23.0 + 4.6 13: 6151 
Calves 2. 1 + 0.4 3: 163 24.6 + 3.5 4 : 2319 
ns ns 
Mean 1. 9 + 1. 3 15: 590 22 .4 + 4.6 21: 9689 
October 
Females 9. 1 + 5.7 9 : 1164 
Calves 11. 9 + 3.2 2: 341 
ns 
Mean 9.6 + 5.3 1 1 : 1505 
* Mean+ SD. 
N Number of animals: number of footsteps/digging stokes counted. 
lives within relatively small, seasonal home ranges. Further-
more, individual Svalbard reindeer show long-term fidelity to 
particular places: female "X34", for example, returned to Jan-
ssondalen in six separate summers (Figure 3.2), perhaps adopting 
the same home range each time . These results support the prop-
osal (Chapter 2) that the reindeer in Adventdalen represented a 
discrete sub-p?pulation . Sedentary behaviour and traditional us e 
of home ranges are inconsistent with an alternative possibility, 
namely that the animals were nomadic and ,wandered extensively 
around Nordenski~ld Land. 
The most conspicuous difference between patterns of 
dispersion in Svalbard reindeer and other Rangifer is that the 
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former are not gregarious: groups of more than three or four 
animals are rare (Alendal et al. 1979; section 2 . 3.1). The mean 
group size in Norwegian wild reindeer, by contrast, varies from 
50 to 400 animals, depending on the season (Skogland 1985b) while 
post-calving aggregations of barren-ground caribou in Canada 
number up to 15 OOO (Parker 1972). Small group size, however, is 
not unique to Svalbard reindeer: both Peary caribou and barren-
ground caribou in West Greenland usually occur in groups of less 
than five (Miller, Russell and Gunn 1977Q; Roby and Thing 1985). 
Non-nomadic, sedentary behaviour is a less conspicuous 
feature of the dispersion of Svalbard reindeer than small group 
size but it is unique; no other Rangifer are known to live in 
small, seasonal home ranges. Home ranges were most clearly 
apparent in winter: "RED", for example, moved less than 1 500 m 
(net) during the three months before the melt (Figure 3.3). The 
radio-collared animals were not located often enough to give a 
clear picture of dispersal in summer but "RED", "RED-YELLOW" & 
"BLUE" appeared to have remained within small areas for weeks at 
a time, just like in winter (Figure 3.3) . This conclusion is 
supported by their low daily rate of travel, 0.2 km net per day 
-1 (Table 3 .2), which contrasts with 8.5 and 5.8 km.day in female 
migratory barren-ground before the fly season and southward 
migration, respectively (when rates of travel increased to 22.8 
-1 
and 17.7 km.day ; Curatolo 1986; Miller, Anderka et al. 
1975). "BLUE-YELLOW" and "GREEN" went to Sassendalen in summer 
(section 3 . 3 . 3) and there are no details of their movements. 
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Patterns of social organisation and dispersion in wild 
mammals are closely linked with the dispersion of their 
resources, especially food (Clutton-Brock and Harvey 1978). 
Herbivores whose food occurs in large, evanescent clumps, 
typically feed in big groups; species whose food is widely dis-
persed or unpredictable in abundance usually occupy large home 
ranges (Altmann 1974, Clutton-Brock 1974, Jarman 1974). To a 
hungry reindeer, tundra vegetation represents a food resource 
which combines both characteristics: the best forage occurs in 
(i) widely dispersed and (ii) evanescent clumps. This is because 
there are characteristic differences in the timing of the snow-
melt over different communities of plants and snow influences 
both the availability of forage and the timing of different 
phenophases (e.g. budbreak, flowering, ripening of fruits) in 
each species of plant and hence their quality as food (Wielgo-
laski and Karenlampi 1975, discussed in Skogland 1984a, 1985b). 
Consequently, mainland reindeer and caribou are nomadic: their 
behaviour is a response to spatial and temporal variation in the 
dispersal of their resources. The animals attempt to maximize 
their instantaneous intake of nutrients by foraging selectively, 
eating high quality but often ephemeral foods (Skogland 1980, 
1984a) . As a result, they feed in large groups which mo v e con-
tinuously, deliberately tracking the phenological progression of 
their preferred foods (Skogland 1985b). 
Svalbard reindeer, in contrast, can evidently satisfy their 
nutritional requirements without wandering far. What might 
account for t h is? Par t of the reason may be that hydrological 
101 
and micro-climatic conditions change over very short distances in 
the high arctic . Consequently , different associations of plants 
do not occur in large, homogenous swards but are juxtaposed in a 
fine mosaic (Brattbakk 1981, 1984) . Marshes and polar desert, 
for example, can be found almost side by side in Svalbard 
(ibid . ) . Moreover, the variety of different plant communities, 
which in the sub-arctic (e.g. mountains of Norway) is distributed 
over an altitude range of 1 OOO m, occurs below 200 m a.s.l. at 
0 
78 N lat. (ibid . ) . Svalbard reindeer , therefore, may not only 
have access to the same phenological progression as mainland 
reindeer but also they may be able to can track its full range 
without having to move more than a few hundreds of met re. s. 
We do not know whether patches of preferred foods are small-
er but more heterogeneously spaced on Svalbard compared to sub-
arctic tundras but it is interesting to note that Svalbard rein-
deer graze with unusually high intensity. Females spent 90% of 
grazing time in October actually gathering or ingesting food 
0,;//;: 
(Table 3.7}, compared/summer values of 69 to 79~ in wild reindeer 
in Norway (Skogland 1984b) and 70% in barren-ground caribou in 
west Greenland (Roby and Thing 198 4 ). In other words, Svalbard 
reindeer appeared to have to spend less time searching for food 
within , or moving between , patches of forage than mainland rein-
deer and caribou. This might indicate that they were surrounded 
by a higher density of acceptable items of food than their 
distant cousins grazing on subarctic tundras. 
If Svalbard reindeers' sedentary behaviour in summer was a 
response to a high density of acceptable food items· (above), then 
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they might have been expected to become increasingly nomadic 
during winter when the spatial density of available items of food 
declined . Impala Aepyceros melampus, for example, travel almost 
twice as far each day at the end ·of the dry season than during 
the rains, a behaviour which is attributed to reduced abundance 
of forage and, hence, increased distance between each item of 
food (Jarman and Jarman 1979). Svalbard reindeer, however, 
showed no tendency to move about more in winter (Table 3.2). On 
the contrary , the clearest demonstrations of the small size of 
their home ranges were made in late winter (March to May) when 
access to food was lowest (Figure 3.3). 
Sedentary behaviour presumably helps to reduce Svalbard 
reindeers' daily energy expenditure, something which is crucial 
for survival in winter (Chapter 5). Adult females, for example, 
spent less than 2% of each day walking or trotting (Table 3.4), 
with the result that locomotion contributed only 2% of their 
daily energy expenditure in winter (Chapter 5) . The energy costs 
of lcicomotion in female barren-ground caribou in late winter, by 
contrast, amounted to 8 .4% of their daily energy expenditure 
(Boertje 1985). Did Svalbard reindeer pay a price for their 
sedentary beha~iour in terms reduced feeding efficiency , as the 
impala study (above) suggests they might have? Apparently not. 
Surprisingly , they maintained high grazing intensity as late as 
March despite acutely restricted access to forage (Table 3.7). 
Presumably they achieved this by feeding less selectively. 
Unfortunately, there are no data on diet selection in Svalbard 
reindeer in late winter with which to test this. 
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Although our understanding of the factors which determine 
the unique pattern of dispersion or Svalbard reindeer, compared 
to other reindeer and caribou, remains rudimentary, the important 
point, for the purposes of this chapter, is that the animals were 
both sedentary and traditional in their movements. Both pre-
requisite conditions for converting the census and carcass data 
collected within Adventdalen into rates of increase and mortality 
(see Introduction) thus appeared to be satisfied. The main 
conclusion of this chapter, therefore, is that variation in the 
total number of reindeer and carcasses counted each summer in 
Adventdalen (Chapter 2) reflected changes in rates of birth and 
death among a group of animals which lived there - a population -
instead of merely changes in distFibution of reindeer around 
Nordenski~ld Land. The extent to which changes in rates of 
birth, juvenile- and adult-mortality contributed to variation in 
the total number of animals present is the subject of Chapter 4. 
STATISTICAL TESTS 
[1] Mean daily movement (km) of radio-collared reindeer in 1982: 
comparison mean winter values between different animals (BLUE, 
RED & RED-YELLOW). Kruskal-Wallis one-way analysis of variance: 
2 
X = 23.65, df = 3, P <0.001. 
[2] Mean daily movement (km) of radio-collared reindeer in late 
winter 1982: comparison of across months of monthly mean values 
for individual animals. Kruskal - Wallis one-way analysis of 
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2 
variance. BLUE (February to May):~ = 0.61, df = 3, n.s. (P 
2 
>0.9); RED (February to May):~ = 1.3, df = 3, n.s. (P >0.7); 
2 
RED-YELLOW (March and April): Y. = 0.73, df = 1, n.s. (P >0.4). 
[3) Duration of grazing bouts: comparison of bout length within 
sexes between seasons (April vs July-August) . Kruskal-Wallis 
2 
one-way analysis of variance. Males,;(. = 3.96, df = 1, P = 
2 
0.47; females, "X. = 1.51, df = 1, n.s. (P >0.05). 
[4] Duration of grazing bouts: comparison of bout length between 
males females and calves within seasons. Kruskal-Wallis one-way 
2 
analysis of variance. April (late winter),)'.'.. = 2.88, df = 1, 
2 
n.s. (P >0.2); July-August, -X.. = 1.38, df = 1, n.s. (P >0.2). 
[5] Grazing intensity: comparison between sexes and seasons of 
the proportion (%) of time within grazing bouts spent feeding. 
ANOVA (percentages transformed to arcsine). Males, females and 
calves in March: F = 0.35, n.s. (P >0.05). Females and 
[2,19) 
calves in October (no data for males): F = 0.06, n.s. (P 
[ 1 , 9] 
>0.05). 
[6] Grazing intensity: comparison between seasons of the propor-
tion (%) of time within grazing bouts spent feeding. ANOVA 
(percentages transformed to arcsine). All reindeer, March vs 
October: F = 11.78, P <0.01. 
[ 1, 30] 
[7] Proportion of grazing time spent digging snow (March): 
comparison of adult males, adult females and calves . ANOVA 
(percentages transformed to arcsine): F = 0.835, n.s. (P 
[2 , 18] 
>0.05) . 
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[ 8] Digging rate (strokes.minute March): comparison of adult 
males, adult females and calves . ANOVA: F = 1.26, n . s. (P 
(2,12] 
>0.05) . 
-1 
[9] Rate of walking while grazing (footsteps.minute ): compar-
ison of different class of reindeer within months. ANOVA: March 
(males, females and calves), F = 0.10, n.s. (P >0 . 05); 
(2,12] 
October (females and calves), F = 0.41, n.s. (P >0.05). 
(2,10] 
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PART 2: THE MECHANISM OF CHANGE 
Chapter 4 
RATES OF BIRTH AND DEATH 
INTRODUCTION 
Two contrasting hypotheses have been proposed to account for the 
'stability' (sensu Holling 1973) of populations of reindeer in 
Svalbard. In the first, population density is kept below ecol-
ogical carrying capacity by periodic heavy mortality caused by 
bad weather (Reimers 1982a, 1984; Reimers, White and Rusten 
1977). In the second, the abundance of reindeer is limited by 
food and both the 'stability' and the final density of the pop-
ulation is the product of interaction between reindeer and their 
food supply (Chapter 1). Changes in population density caused by 
variation in the weather are considered as non-homeostatic 
because the direction of change is random with respect to the 
initial density. 
There was a discrete population of reindeer in Adventdalen 
(Chapters 2 and 3) and, consequently, data on numbers· of calves 
and carcasses counted there each year could legitimately be 
converted into rates of birth and death. According to the second 
hypothesis (above), one or more of rates of birth , death and 
dispersal must be density dependent, changing sufficiently, on 
average, at or above a population densi~y of about 2.7 rein-
-2 
deer.km (the apparent lower density of ecological carrying 
capacity - see Figure 2.9) to prevent both net growth of the 
population above, or net decline below , this level . 
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The main aims of this chapter are 1) to describe the extent 
of annual changes in rates of birth and death, 2) to explain 
fluctuations in population density in terms of changes in rates 
of birth, death and dispersal and, 3) to investigate the extent 
to which these rates depended on the density of the 
population. 
METHODS 
4.1 BIRTH . 
4.1.1 Date of calving. 
It was important to know when calving occurred so as to have the 
best chance of detecting early mortality of calves. The length 
of the calving period was estimated by the method of Caughley and 
Caughley (1974) , Fifteen surveys were made along the short route 
(Figure 2.3) between 22 May and 28 June 1979-1982, .dates which 
spanned the calving period. The purpose was to calculate the 
proportion of births to date at different stages throughout this 
period . It was possible but impractical to distinguish pregnant 
from non-breeding females b y e y e (section 4.4.2). Instead, the 
number of breeding females in each sample was estimated by multi-
plying the total number of females counted each time by the 
overall birth rate for the year . The proportion of births which 
had taken place by each date was calculated by dividing the 
number of cal v es seen each time by the final birth rate . 
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4 . 1 . 2 Pregnancy rate. 
The birth rate directly is notoriously difficult to measure in 
Rangifer because large numbers of calves may die soon after 
birth. Twinning is rare, however, (Bergerud 1980) so the birth 
rate is usually the same as the pregnancy rate. 
Two non-destructive and non-intrusive methods for estimating 
the pregnancy rate are visual inspection and counting antlers. 
It was possible, with practice, to distinguish pregnant from non-
pregnant females after about 1st April each year (i.e. during the 
last two months of gestation). Svalbard reindeers' long winter 
coat and differences in condition affected the contours of their 
bellies and backs, however, and successful identification often 
depended on getting close (<50m) and observing animals carefully. 
Consequently, although this technique worked well for selecting 
and shooting pregnant and barren females (Chapter 5), it was too 
slow for estimating rates of pregnancy. 
Lapp reindeer owners believe that barren females drop their 
antlers a few weeks before pregnant ones (I.A.Myrnes, personal 
communication). This was confirmed in domestic reindeer by 
Espmark (1971) who found that breeding females usually dropped 
their antlers ~ithin a week of parturition. The relationship 
between breeding and antler shedding has not been tested formally 
in wild reindeer but it is potentially feasible to calculate a 
pregnancy rate from the proportion of females with antlers two or 
three weeks before calving, providing correction is made for 
females which did not grow antlers in a particular year. This 
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technique has been used for estimating rates of pregnancy both in 
wild reindeer (Skogland 1985a) and in caribou (Bergerud 1980). 
I counted reindeer along the short route (Figure 2 . 3) once 
each year (1980-1982) between 17 May and 5 June and scored all 
adult and yearling females according to whether or not the y had 
antler(s) . The pregnancy rate (P) was calculated assuming the 
maximum error (i.e. that all females which failed to grow antlers 
in the preceding summer had conceived and were pregnant): 
p = [(a+ (u.f)) / (a+ u}] x 100% 
where, 
a= the number of adult and yearling female reindeer with 
antler(s) (1 or 2) after 17 May, 
u = the number of adult and yearling females with no antlers, 
f = the proportion of adult and yearling females with no antlers 
during the rut 7 months previously . (There were no data on 
the proportion of antlerless females in October 1979. I 
used the mean value from 1980 & 1981 (0.03; section 2 . 3 .4 ) 
when calculating the pregnancy rate in 1980) . 
Thirty-four fe males (16 gestating and 18 non-gestating) shot 
in April and Ma y 1980 & 1981 provided a small sample with which 
to test the relationship between pregnancy and late possession of 
antlers . 
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4.1.3 Birth rate. 
Rates of birth were calculated each year by adding the number of 
calves known to have died (section 4.2.2) to the number counted 
alive in each annual census. 
Rates of birth wer e expressed as [calves : 100 females >2 
years old at calving] because it was not possible to distinguish 
reindeer 24-25 months old (i.e. those which had been yearlings 
during the preceding rut) from reindeer >36 months old. 
4.2 DEATH. 
4 . 2 . 1 . Temporal pattern of mortality. 
All births occurred during the first two weeks of June (section 
4 • 4 1 ) • The time of year at which calves had died could therefore 
be determined from their age (in months). The age of dead 
calves was estimated from the pattern of eruption and wear on 
their permanent mandibular molar teeth, based on inspection of 
the teeth of 19 calves aged 1-11.5 months which I shot (Table 
4 . 1 ) . 
The presence or absence of antlers on a carcass indicated 
whether an animal had died in summer (June to September) or winter 
(October to May) (Table 4.2), I determined in which half of 
winter (October-January or February-May) reindeer had died from 
the extent to which their carcasses had been eaten by scavengers, 
using carcasses of reindeer , the date of whose death I knew , as 
cont rol s . 
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Table 4. 1 
Eruption and wear of permanent mandibular molar and first incisor 
teeth in Svalbard reindeer calves . 
ml m2 il 
Speci- Date Age 
men shot (months) State Wear State Wear State 
S15 6 July 1 
S17 6 July 1 
S59 13 Aug. 2 
S61 1 4 Aug. 2 
S63 16 Aug. 2 
S21 23 Aug. 2. 5 
I S24 25 Aug. 2.5 
S30 30 Sept . 4.5 Erupting None ,11 
S31 1 Oct. 4.5 Erupting None 
S68 27 Oct . 5.5 Erupting None 
I S70 27 Oct. 5.5 Erupting None 
S72 28 Oct . 5. 5 Erupting None 
S74 28 Oct. 5.5 Erupting None 
S77 29 Oct. 5.5 Erupting None 
S81 31 Oct . 5.5 Erupting None 
I 
I 
s 3 10 May 11 Erupting Some Erupted I 
s 4 12 May 11 Erupting Some Erupting None Erupted 
I SlO 27 May 11. 5 Erupting Some Erupting . None Erupted 
Sll 27 May 11. 5 Erupting Some Erupting None Erupted 
I' 
I ml : first permanent mandibular molar 
Iii m2 : second permanent mandibular molar 
i 1 : first permanent incisor tooth 
Ii 
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Table 4.2 
Months associated with the different stages of the antler cycle 
recognised for the purpose of determining when reindeer died. 
Antlers Advanced growth 
Mature males* June - Aug. 
Females July - Sept. 
* see section 2.3.4. 
Hard 
Sept. -Dec. 
Oct. - May 
Cast 
Jan. - April/May 
May - June 
4.2.2 Mortality of calves aged 0-4 months. 
Soft snow and flooded rivers prevented an extensive study of 
mortality in calves aged <1 month. Instead, an intensive study 
was made in and around Janssondalen (Figure 1.7) where there were 
up to 40 breeding females at any one time during calving. 
I searched for dead calves during the first three weeks of 
June 1979-1982 and observed all female reindeer carefully: if one 
had a distended udder but no calf in attendance I assumed that 
the calf was dead (see Bergerud 1964b). I made notes on the 
behaviour of foxes and searched occupied dens for bones of young 
calves . 
Mortality of calves aged 0.5 to 4 months was estimated by 
comparing the proportion of calves in the population at different 
times in summer. This was valid because there was negligible 
mortality in reindeer >12 months old between June and October 
(section 4 . 5 . 1) . The proportion of cal v es counted each time was 
113 
calculated as a percentage of the total number of animals seen 
rather than as calves per 100 females to reduce errors due to 
wrongly classifying reindeer (particularly yearlings and 2 year 
olds; section 2.5.2). Segregation both between the sexes and 
between parous and bar~en females can be an important source of 
error in population composition counts (Parker 1972). Hence, the 
adult sex ratio was compared each time with the sex ratio from 
the main summer census to check whether the population had been 
sampled e v enly. 
4.2.3 Mortality of reindeer aged >4 months. 
All estimates of mortality in reindeer >4 months old were based 
on counting and examining carcasses in summer (section 2.2). 
Rates of mortality were calculated by dividing the number of new 
carcasses found each year by the 
in the preceding summer . 
number of reindeer counted 
The age at death of reindeer >12 months old was determined 
by counting annulations in the cementum of first incisor teeth 
(Leader-Williams 1979a). 
4 . 3 ANALYSIS . 
4.3 . l Life tables . 
Frequency data on age at death (from carcasses) was converted 
into age specific rates of mortality which are easier to 
compare using life table analysis (Caughley 1977) . The pro-
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portion of calves in the population varied considerably from year 
to year (section 4 . 4 . 3) so analysis was restricted to the 
population ~1 year old. The proportion of yearlings in the 
population changed relatively little (Table 2.14) and I assumed, 
therefore, that changes in the age structure of the living 
population ~1 year old were not sufficiently large to affect the 
main conclusions of the analysis. As an additional check 
(because most of the reindeer which I found dead were born before 
the study began) I compared the frequency distributions of age at 
death between major die-offs. The distributions for each sex 
were tested separately. One important assumption was that age 
specific rates of mortality did not change between years. 
There are no data on the rate of increase before 1971 but the 
population may have been growing. I calculated life tables first 
using the raw data (in effect assuming a zero rate of increase 
prior to 1971) and then after transformation for r = 0.074 and r 
= 0.119 (the mean exponential rates of increase of the male and 
female populations ~1 year old, respectively between 1979 to 
1983). The transformation (f,c: to fx~~x, where r is the expon-
ential rate of increase) is discussed by Caughley (1977). 
Results were presented graphically and compared by inspection. 
4.3 . 2 Key factor analysis . 
The separate effects of changes in production of calves, mort-
ality and emigration on growth of the population and the effects , 
in turn , of popu lation density on these rates , were e valu ated 
using the key factor method (Podoler and Rog ers 1975; Varley and 
11 5 
Gradwell, 1960). In this method, the life history of organisms 
is divided into a series of stages at each of which some may 
'die' (either literally or in the sense of being lost to the 
population by emigrating). If '~ortality' is zero at every 
stage, the population is growing at the maximum rate possible 
under the prevailing circumstances. The 'sub-mortality' aper-
ating at each stage is called a 'k-factor'. The relative 
importance of different sub-mortalities may be assessed by corn -
paring the 'k - value' of each. k-values are calculated as log
10 
(I/F), where I and Fare the number of organisms alive before 
and after, respectively, the factor in question has had its 
effect. The sum of separate sub-mortalities k .... k defines K, 
i j 
the total losses sustained by the population during one life 
cycle. The sub-mortality which contributes most to variation in 
K is called the 'key factor' because it is the 'key' to changes 
in population density. 
Normally only three sub-mortalities are considered in 
studi~s of mammals: (1) loss of potential recruits due to failure 
to breed, (2) mortality (normally divided into mortality of 
adults and mortality of juveniles) and (3) emigration (Moss, 
Watson and Oll~son , 1982) . Key factor analysis was originally 
intended for analysing discrete, sequential losses in annual 
cycles. Four potentially important losses, emigration and mart-
ality of adults and of calves in winter , occurred, in effect , 
simultaneously in Svalbard. To compensate for this, the effects 
of each were combined and a single sub-mortality for winter, kw, 
was calculated instead. This was then divided into separate sub-
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mortalities according to the ratio of calves and adults which 
died (k,i, ka) or emigrated (kmj, kma) respectively each year. 
kw = ki + ka + kmj + kma. 
Rates of mortality late in winter and successful production 
of ca lves in spring were closely inversely correlated (section 
4.6) which suggested that they shared the same ultimate cause. 
Consequently, the analysis was performed on an annual cycle 
starting in July, i.e. after calving each year; in other words, 
calving was regarded as the last event which contributed to the 
annual increase in numbers and reduced production (!u2_) was thus 
the last sub-mortality each year. This departs from the normal 
practice which is to begin with the maximum number of animals 
(those alive plus potential offspring) and make a series of 
subtractions from that. Introducing animals into the calculation 
once the procedure has started is irregular but does not alter 
interpretation of results because each k-value is . calculated 
independent of the others. 
reduced production, was calculated as log 
10 
[(population 
size at the end of winter+ potential offspring, assuming maximum 
breeding among females which survived winter), divided by (the 
observed population size (after calving) + dead calves)]. I 
assumed that the maximum potential rate of pregnancy in May among 
females ~23 months old was 68.6% under the prevailing nutritional 
regime. This is the mean fr9m three years in which mortality was 
negligible and conditions were likely, therefore, to have been 
nearly optimal for reindeer (section 4 . 4) . 
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The key factor is identified by comparing the regression 
coefficients of different k-values (y axis) on K (x axis). 
Neither the significance of the regression coefficients nor of 
the difference between them can be determined because the axes 
are not independent and errors will contribute differently to 
each. However, the sub-mortality with the greatest regression 
coefficient is, by definition, the key factor. 
RESULTS 
4.4 BIRTH. 
4.4.1 Date of calving. 
The earliest dates on which I saw newborn calves were the 5th, 
3rd, 6th, 5th and 4th of June 1979-1982 and 1986, respectively. 
The earliest date on which a newborn Svalbard reindeer calf has 
been seen is 16 May (1974, in Colesdalen/Fardalen; Andreas 
0stlund, personal communication). Data on the proportion of 
births to date describe a steeply rising S-shaped curve 
(Figure 4.1; data in Appendix 3). There were too few values 
between O and 100% in any one year to use the probit method 
(Caughley and Caughley 1974) for estimating the median and 
standard error of the date of birth or to test for differences 
between years. However, it was clear that calving was tightly 
synchronized: perpendiculars dropped from a curve fitted by eye 
indicate that about 90% of calves are born between 2 and 9 June 
(Figure 4.1). 
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Date of ca l ving in Adventdalen. Curve fitted by eye. It is 
apparent that approximate l y 90% of calves are born between 2 and 9 June each year. 
4.4.2 Rates of pregnancy. 
The proportion of adult and yearling females which retained their 
antlers later than 17 May ranged from 81.3% in 1980 to 23.1% in 
1981. These values (the 'crude pregnancy rate') closely matched 
the apparent birth rate (Table 4.3). The fit was less good once 
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Table 4 . 3 
Comparison of the proportion of females ~1 year old 
with antler(s) after 17 May and the apparent birth rate . 
Proportion Apparent 
with antlers birth rate * 
( % ) n* ( % ) N** 
1980 81. 3 91 80.2 212 
1981 23 . 1 65 22. 5 244 
1982 67.4 98 64.7 241 
* Calves per 100 females in July; uncorrected census data (Table 2.7). 
** Number of females. 
Table 4 . 4 
Estimated rates of pregnancy and birth in Adventdalen. 
Newborn calves ( 3 ) 
Pregnancy Birth 
rate ( 1 ) rate ( 2) Percentage of 
( % ) ( % ) Number the population 
1979 ? 25 . 7 56 12.2 
1980 81. 8 73.3 173 27.3 
1981 25.6 24.6 56 10.4 
1982 68 . 3 65 . 2 157 23 . 6 
1983 ? 67 . 2 18 4 23 . 9 
1984 ? 9.0 15 3.7 
1 : from antlers (section 4.1.2) . 
2 : [calves (alive and dead) : 100 females ~2 years old at calv ing 
time] , Calculated using corrected census data (Table 2 . 9) . 
3 : alive and dead . 
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allowance had been made for females which did not grow antlers in 
the previous summers (but which might nevertheless have been 
pregnant) and for 2 year olds which had been mistaken for year-
lings (section 2.5 .2 ) but it was striking nonetheless (Table 
4.4). 
All thirteen adult females (six pregnant and seven non-
pregnant) shot in April (1980 & 1981 combined) had antlers as 
expected: most females retain their antlers until the middle of 
May (Figure 2.5). Eleven females had two antlers; t wo (both non-
pregnant) had one each. None of eleven non-gestating females 
(nine adults and two yearlings) shot in the second half of May 
(1980 & 1981) had antlers, also as expected. Contrary 
to expectation, however, four of ten pregnant females shot in May 
(1980 & 1981) had no antlers. These were 2, 4, 8 & 8 years old, 
respectively . The antler pedicels of the 4 year old were flushed 
with blood and may have been about to erupt. The pedicels of the 
remaining three were not checked. 
Close correlation between the 'pregnancy rate' (from ant-
lers) and the apparent birth rate is not conclusive evidence for 
a relationship between pregnancy and late retention of antlers. 
Females with antlers might be more successful at rearing calves, 
perhaps as a result of preferential access to feeding sites at 
the end of gestation. However, there was no significant differ-
ence between either the mean weight of antlered and antlerless 
gestating females in May or between the mean weight of foetuses 
carried by each group (Table 4 . 5) . (There were no differences 
between samples collected in 1980 and 1981 [1], [2], so the data 
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Table 4.5 
Comparison of body weight (kg) and foetus weight (kg) in antlered 
and antler:less gestating females (~2 years old) in May. Mean 
weights+ 95% confidence limits . 
Mean Adjusted 
age weight 
body 
of 
Weight of 
foetus 
(kg) 
Sex of 
foetus 
(yrs) Date females (kg) 
(a) ( b) M F 
Antlered 5.5 16 May 44.6 + 2.2 2.2 + 0.4 
n = 5 
Unantlered 6.7 16 May 45.3 + 0.5 2 . 3 + 0.8 
n = 3 ( C) 
a: Mean date around which each sample was shot. 
b: Total body weight less the weight of the uterus and its 
contents 
2 3 
2 1 
c: These three females had dropped their antlers by mid May, 
contrary to expectation. One antlerless, pregnant female did 
not grow a set of antlers in the year she conceived (1979) . 
This animal, shot on 26 May 1980, is not included here. Her 
foetus weighed 3 . 0 kg. 
from both years were combined). Second, the winters 1979/80 and 
1981/82 were relatively benign (evidenced by low mortality, 
section 4.5.3) and the melt began before calving (Table 4.6). 
The winter of 1980/81, by contrast, was particularly hard (over 
one quarter of the population died), the melt was exceptionally 
late and there were blizzards on 11 & 12 June 1981 immedi-
ately after the peak of calving. If new-born Svalbard reindeer 
calves are prone to die in harsh weather, it is reasonable to 
suppose that more would have died in 1981 than in 1980 or 1982. 
There was, nevertheless, an almost equally good fit between the 
rate of pregnancy (estimated from antlers) and the observed rate 
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Table 4.6 
Timing of the melt. 
Date* 
1979 14 June 
1980 22 May 
1981 10 June 
1982 31 May 
1983 
1984 
* Last date on which it was possible to drive 
snow-scooters from the MAB station. 
of birth in all three years (Table 4.4). These observations 
give no support to the suggestion that correlation between 
possession of antlers and the apparent rate of birth was due to 
improved survival of calves born to females which retained their 
antlers for longer. 
4.4.3 Rates of birth. 
The number of calves (dead and alive) counted each year varied 
from 15 to 184. This corresponds to birth rates between 9.0 -
73.3 calves per 100 females >2 years old at calving (Table 4.7). 
~ 
There was / weak inverse relationship between the rate of 
birth and the density of reindeer in the preceding summer but the 
association was not significant [3]. The most striking feature 
of the data, however, was a clear division between years when the 
bir t h r ate was relatively high (>65%) and years when it was 
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Table 4.7 
Total number of calves in Adventdalen, 197 2 - 1984 . 
This study 
1972 '73 ' 74 '75 ' 76 '77 '78 '79 '80 I 81 '82 '83 
Total number of calves* 68 63 122 51 31 94 56 17 3 56 157 184 
% population 1 7 . 8 1 3. 5 19. 2 11. 3 5. 1 22.7 12 . 2 27.3 1 0. 3 23 .6 23.9 
% females~ 2 years 25.9 73 .3 23.8 65.2 67.2 o ld at calving. 
* Data for 1972 - 1978 are for the number of ca l ves counted 1- 3 months after calving. Data for 1979 - 1984 include 
calves known to have died before the main summer census. 
Sources: 19 72: 
1974 - 19 78: 
1979 - 1984: 
Gossow & Thorbj0rnsen (1974) 
N.A. 0ritsland and E. Alendal, unpublished data. 
This study. 
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relatively low (<26%; Figure 4.2). These 'good years' and 'bad 
years' corresponded exactly with 'good' and 'bad' years regarding 
rates of mortality (sections 4 . 5.3 & 4.6). 
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4.5 DEATH. 
4.5.1 Temporal pattern of mortality. 
Five hundred and fifty-one reindeer were recorded to have died in 
Adventdalen during this study but the date of death was known in 
only 78 cases. Thirty-two of these were animals which were shot; 
the rest I found recently dead. The approximate time of death of 
the remaining 468 animals was determined using three criteria: 
Teeth. Mandibular molar teeth of 107 out of 153 dead calves aged 
>1 month old collected between 1979 and 1983 were inspected and 
compared with the teeth of calves which had been shot (Table 
4 . 1 ) . 98% (all but two) showed some wear on their first molars, 
indicating that they had died aged not less than 6 months, i.e. 
between January and the end of May. The molars of the remaining 
two specimens protruded only a little way above the gums, indica-
ting that they had died aged less than 5 months (i . e. before 
November). (One of these was known to have died in September 
( 1980)) . 
Antlers. The condition of antlers on carcasses of 220 adult 
reindeer which died in 1979-1983 is summarised in Table 4 . 8 . In 
contrast to Leader-Williams (1980b) I made no distinction between 
carcasses with hard, clean antlers and ~hose which had tatters of 
velvet still attached to their antlers. Female Svalbard rein-
deer do not always shed their velvet completel~: 
shed antlers more than half covered in velvet. 
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I found several 
Table 4.8 
Condition of antlers on carcasses of reindeer >12 months old. 
Antlers: 
Males 
Females 
Total 
Early 
Growth 
0 
2 
2 
Advanced 
Growth 
2 
1 
3 
Hard 
15 
99 
114 
Cast 
101 
0 
101 
Total 
118 
102 
220 
Non-mineralized antlers ( 'early growth') may have been eaten 
like soft tissue giving the appearance that reindeer died before 
antler growth began. This would have made no difference in males 
whose antlers start to grow in April because any male which had 
died before June (but whose antlers had been eaten) wou ld still 
have been included as a late winter casualty. Confusion could 
have arisen with females, whose antlers do not normally begin to 
grow until the second half of June. However, all but two of 102 
females which I found dead had advanced growth or hard antlers 
and these two were confidently identified as 'early winter' 
casualties using other criteria (below) . 
Reference to the antler cycle (Table 4 . 2) shows that females 
have hard antlers between October and May while full grown males 
have hard antlers between September and December and are antler-
less between January and April . Hence, 97.7% (all but five) of 
220 reindeer listed in Table 4.8 probably died between September 
and May . 
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Extent of scavenging. Five reindeer (four males which had died 
during the rut and one female which died after getting tangled in 
telephone wire) were found soon after they died in November. 
These had been stripped to clean skin and bones by the following 
summer (8 months later). In contrast to this , carcasses of eight 
adults known to have died in April and May still had much skin 
and dried muscle on them when they were inspected in summer 
(after 3-4 months) (Plate 3). All reindeer whose carcasses had 
been completely stripped were considered to have died early in 
winter: all others were assumed to have died late in winter. 
Using teeth, antlers and the extent of scavenging to deter-
mine the time of death, I concluded that 90 . 3% of natural mort-
ality (including 85.7% of adult mortality and 96.2% of calf 
mortality) occurred in the second half of winter (Figure 4.3). 
There was no difference between years [4]. Slightly more males 
than females died early in winter (all years combined: 15 . 0%, n = 
22 and 5.6%, n = 6 respectively) but the difference is not 
significant [5]. The temporal pattern of mortality was thus the 
same for males, females and calves. Mortality of calves aged 0-1 
month old is described in section 4.5.2. 
4.5.2 Rates o~ mortality of calves aged 0-4 months. 
Direct evidence. I spent 280 hours watch~ng reindeer on the 
calving grounds during the first two weeks of June 1979-1982 (52, 
73, 91 and 59 hours respectively). Foxes were active, always 
solitary and appeared not to bother reindeer much. Their role as 
predators was not confirmed . I saw only five direct encounters 
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Figure 4.3 
Temporal pattern of mortality of reindeer in Adventdalen (with 
sample sizes). 
between foxes and reindeer. On each occasion a solitary fox 
approached a female with a newborn calf and in four cases females 
successfully chased the intruder away without difficulty. In a 
fifth case the calf was born dead and was abandoned by its mother 
after a few minutes , whereupon the f ox began to e~rt 
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Temporal pattern of mortality of reindeer in Adventdalen (with 
sample sizes). 
between foxes and reindeer. On each occasion a solitary fox 
approached a female with a newborn calf and in four cases females 
successfully chased the intruder away without difficulty . In a 
fifth case the calf was born dead and was abandoned by its mother 
after a few minutes, whereupon the f ox began to fq,,t;t, 
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A total of 308 females were classified immediately before 
calving in 1980 and 1981. One hundred and sixty-five had calves; 
~ 51 without calves were pregnant; 30 were not pregnant but had /no 
calf either and were classified as barren; 60 (all without 
calves) were not classified and two had lost their calves 
' 
(below). I recorded only 6 cases of mortality of calves <1 month 
old during the entire study. These observations are summarised in 
Table 4.9. 
Indirect evidence. There were no significant changes in the 
proportion of calves in the population between c. 3 and 5 weeks 
after calving in 1979 or between 1 and 3 weeks after calving in 
1980 (Table 4.10) [6]. 
The proportion of reindeer of each age and sex in the first 
count was significantly different from expected values (from the 
annual census) in both years (Table 4.11) [7]. When yearlings 
(which are not easy to identify) were left out of the analysis 
the difference remained significant in 1979 but not in 1980 [8]. 
I concluded that the population had been sampled evenly on 12-16 
June 1980 (except that some young males and females had been 
mistaken for yearlings) and that there really had been no change 
in the proportion of calves in the first two weeks after calving. 
It appeared, however, that the population was not sampled evenly 
on 28-29 June 1979 . There were relatively too few females (Table 
4. 11) . The route I took went right through the calving areas. 
'Missing' females may, therefore, have if/\ c \uc( ed a.Y\i M a is which 
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Table 4.9 
Perinatal mortality of calves. 
197 9 
1980 
1981 
19 82 
1983 
1984 
Total 
Number of 
live calves 
56 
1 7 1 
55 
156 
182 
15 
635 
-~-= 
_ __:::_ __ .:-
Number of 
dead calves 
0 
2 
1 
1 
2 
0 
6 
1 : 
1 : 
1 : 
1 : 
Cause of death/Comments 
Still-born (parturition observed) 
Adult female . observed with a full 
udder but with no calf attending her. 
3 year old female died while giving birth. 
Dead calf found with its mother 
standing nearby. Killed by a dog or fox after breaking its leg in a fall. 
Dead calf found at water's edge; 
probably drowned. 
Remains of at least one calf found 
near a fox 's den. 
Date found 
6 June 
12 June 
21 June 
7 July 
5 July 
9 July 
Total number 
of calves 
56 
17 3 
56 
157 
1 84-
15 
641 
Table 4. 10 
Early mortality of calv es : proportion of calves 
in the population at different times during summer . 
Weeks after · Calves 
Date birth ( % ) * N 
----------------------------------------------- - -
1979 28-29 June 3 11. 8 136 
13-20 July (A) 5 12.2 457 
1980 12-16 June 1 27.8 410 
27-29 June (A) 3 27.3 649 
20-22 July 6 27 . 8 205 
2-10 October 18 27 . 4 117 
1981 8-14 July ( A) 5 10.4 539 
5- 18 October 19 11. 2 215 
1982 5- 8 July (A) 4 23 . 6 665 
6- 8 August 8 26.5 362 
* Percentage of the total number of reindeer counted . 
N Total number of reindeer counted . 
A Annual census. 
arri v ed late , or not at all , on the calving grounds (e.g. Parker 
1972) . If this were so and no calves died, then the proportion 
of calves should have been higher in Ju i~ : (1979) than in Ju ~e ·; it 
I 
was (Table 4. 10), although the difference was not significant 
[ 9] . 
Comparison between the birth rate and the pregnancy rate 
(f r om antl ers) has limited value becau se .of uncertainty about 
wh a t t he ' antler p regnanc y rate' t r ul y represents . Nev e r t h eless , 
t he r e i s n o large dif f e r ence b e t ween t h ese t wo r ates (Ta b le 
4.4) which is c ons i ste n t wi t h the r e hav i n g b een n eg l igible mo rt -
ality of calves <1 month old in 1980, 1981 and 1982. 
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Table 4.11 
Age/sex composition of reindeer in counts made at different times during summer. 
Proportion 
Weeks 
------------------------
after adult adult year-
calving Census M F lings N 
1979 5 Ex12ected ratio 0.32 0.56 0.12 386 3 28-29 June 0.45 0.46 0 . 12 110** [ 7 J 
1980 3 Ex12ected ratio 0.35 0.52 0.13 441 1 12-16 June 0.29 0.45 0.26 288*** [ 7 J 18 2-10 October 0.27 0.65 0.07 81 ns 
1981 4 Ex12ected ratio 0.36 0.53 0. 11 461 19 15-18 October 0.22 0.62 0.16 185*** [ 10 J 
Expected ratios from the annual census. 
** p <0.02 
*** p <0.001 
Fox dens in Adventdalen were conspicuous because of large 
numbers of reindeer bones lying outside them. I counted 149 
bones outside just one alone but only four (2.7%) of them were 
bones of very young calves . I found, in total, 53 bones of 
newborn calves in the vicinity of fox dens (Appendix 4) but only 
two , a femur and a tibia (found in 1983; Table 4.9) were fresh . 
All the rest were old and dried out and bleached white by the 
sun, if they lay in the open, or green with algae, if they lay in 
the shade. 
There was no evidence of significant mortality among calves 
aged Oto 4 months . The proportion of calves in the population 
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did not change significantly between July and October 1980 & 1981 
or between July and August 1982 (Table 4.10). There were 17% 
more females than expected in the sample counted in October 19 8 1 
(Table 4.11) [10] which may have accounted for the slight (7.7%) 
increase in ~he proportion of calves (Table 4.10) . Results from 
August 1982 (Table 4.10) could not be tested because reindeer 
were classified only as calves or animals >1 year old. 
4.5.3 Rates of mortality in reindeer aged >4 months. 
A total of 545 reindeer >4 months old (302 adults and yearlings 
and 243 calves) were recorded to have died in Adventdalen between 
autumn 1978 and June 1984. I found and inspected 499 carcasses. 
A further 46 deaths were reported to me : 14 reindeer died in or 
near Longyearbyen and had been removed by the authorities, 22 
were shot for research, 1 was shot after (incorrectly) being 
suspected of having rabies and 9 'nuisance' reindeer were shot 
near the airport to keep the runway at Svalbard airport clear . 
Annual rates of mortality. On average, 15.8% of reindeer in 
Adventdalen died each year (Table 4.12) . Males suffered greater 
mortality than females [11] but the most pronounced difference 
was between calves and adults : calves aged 6-12 months suffered 
between three and four times higher mortality than adults. 
The number of deaths recorded annually varied from 11 in 
1979/80 to 185 in 1983/84 (Table 4 . 13 ). Rates of mortality 
varied fro m 1 . 5 to 25 .7% of the population (Table 4. 14). (Th e 
rate of mortality cannot be calculated accurat e ly for 1978/79. 
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Table 4.12 
Mean annual rates of mortality of reindeer in Adventdalen. 
Total number of reindeer 
All reindeer 
reindeer >1 year old 
males ~1 year old 
females ~1 year old 
calves (6-12 months old) 
counted 
alive (1) 
3 493 
2 852 
987 
1 371 
641 
1: Results from 6 annual censuses. 
*** P <0 . 001 [11). 
recorded 
dead 
551 
302 
158 
127 
230 
Mean annual 
rate of 
mortality(%) 
15.8 
10.6 
15.8 
9.3 
35.8 *** 
Rates given in Table 4.14 for 1978/79 are based on population 
estimated at 543 reindeer after calving in 1978 (calculated from 
the number of reindeer >1 year old and carcasses counted in 
Adventdalen in 1979). This might be an overestimate. Alendal 
counted only 414 reindeer in Adventdalen in 1978 (N.A . 0ritsland 
and E.Alendal, unpublished data) but this figure is probably low . 
He made his count in August which is not a good time because 
reindeer are widely dispersed and well camouflaged then). 
There was no clear relationship between the rate of mortal-
ity and population size (Figure 4.4). (Fewer than 10 reindeer 
died between June and January each year, so I combined the data 
from all seasons). Instead, however, there was a clear di vision 
between 'good years', when <35 reindeer died (and >96% of the 
population survived), and 'bad years', when >140 (>20% of the 
population) died . 
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Table 4.13 
Total annual mortality of rei ndeer in Adventdalen. 
M 
1978/79 46 
1979/80 7 
1980/81 45 
1981/82 7 
1982/8 3 19 
1983/8 4 30 
unknown 1 
Total 155 
U: sex not known. 
Adults 
F 
22 
2 
32 
3 
8 
60 
12 7 
u 
6 
1 
3 
3 
13 
Number of dead reindeer. 
Yearlings 
M u 
1 
1 1 
2 2 
3 4 
M 
6 
21 
1 
1 
3 
31 
Calves 
F 
6 
1 4 
2 
6 
27 
Unidentified 
u Total 
55 142 
1 1 1 
45 4 163 
3 14 
1 34 
73 6 185 
1 2 
180 1 1 551 
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Table 4.13 
Total annual mortality of reindeer in Adventdalen. 
M 
1978/79 46 
1979/80 7 
1980/81 45 
1981/82 7 
1982/83 19 
1983/84 30 
unknown 1 
Total 155 
U: sex not known. 
Adults 
F 
22 
2 
32 
3 
8 
60 
12 7 
u 
6 
1 
3 
3 
13 
Number of dead reindeer. 
Year ling s 
M u 
1 
1 1 
2 2 
3 4 
M 
6 
21 
1 
1 
3 
3 1 
Calves 
F 
6 
1 4 
2 
6 
27 
Unidentified 
u Total 
55 142 
1 1 1 
45 4 163 
3 14 
1 34 
73 6 185 
1 2 
180 1 1 551 
I-' 
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Table 4.14 . 
Annual rates of natural mortality in Adventdalen. 
Rate of morta lity ( %) 
adults 
total r e indee r >1 
population N( 1) males n females n year old n(2 ) calves n 
1978/79 3 . ( 25 . 6) 1 38 - 43 - 2 1 ( 1 9. 7) 71 ( 59. 8) 67 
19 79/80 1 . 5 7 2. 4 3 1 . 0 2 1 . 7 6 1 . 8 
19 80/8 1 25.7 163 31. 3 45 1 3. 1 3 1 17 . 7 79 46.2 80 
1981/82 2.6 1 4 5.0 7 1. 3 3 2.3 10 7. 1 4 
19 82 /83 3 .2 19 6. 1 1 2 1 . 0 2 3. 1 15 1. 9 3 
1983/84 21. 5 17 ( 13 . 0 25 19 . 7 54 15. 2 83 44.6 82 
1: Number of dead reindeer. The small number of reindeer shot legal l y or poached (Table 6.2 ) 
are excluded. 
2: I ncludes some of unknown sex. 
3: Rat es of mortality fo r 1978/ 79 are based on an estimate of population si ze in 19 78 . See note in text (section 4.5.3) . 
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The pattern of mortality changed little despite differences 
in the annual rate. 
ality of females. 
Mortality of males usually exceeded mart-
The winter of 1983/84 was a notable exception; 
more than twice as many females as males died, in addition to 
which more females emigrated than males (section 2.5.4). Calves 
and adults died in approximately equal numbers in each 'bad' year 
but the rate of calf mortality was almost three times higher than 
adult mortality each time (Table 4.14). There was no difference 
in rates of mortality of calves and adults in 'good' years [12]. 
Age specific rates of mortality. Calves suffered highest mart-
ality (Table 4.14). Only seven yearlings were found dead during 
this entire study (Table 4.13). The youngest adult males and 
females to die from natural causes were 6 and 7 years old, resp-
ectively, while the oldest were 15 and 17 (males, n = 66; 
females, n = 43). 
There were no differences within sexes in the age distri-
bution of carcasses from the first two die-offs (Figure 4.5) 
[ 1 3 ] • The frequency distributions themselves indicate, by 
inspection, that age-specific rates of mortality probably were 
the same in both years. Together, these provide strong evidence 
that the age structure of the living population ~1 year old was 
the same in 1978 and 1980 and, by inference, it must have been 
the same during all four years [1978 & 1979) and (1980 & 1981], 
Mortality increased sharply in males after the age of 6 
years old and in females after the age of 7 years (Figure 4 . 6). 
Transformation of the data to make allowance for different rates 
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Figure 4.5 
Age frequency distribution of carcasses of reindeer found after 
two die-offs in Adventdalen. There is no significant difference 
in the age distributions either of dead males or of dead females 
between the two year s (13) . 
of increase made only small differences to calculated age-
specific rates of mortality (Fi gure 4.7, shows females only). 
The main effect of the transformation is , to bolster represent-
ation of older age classes , thereby reducing apparent rates of 
mortality of (young and) middle aged animals. However, rates of 
mortality changed so abruptly at age 6 or 7 years in Svalbard 
reindeer that rate of increase would have to be very large before 
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Age-specific rates of mortality (q~) of reindeer .in Adventdalen, 
calculated assuming that the rate of increase of the population 
was · zero. 
the results would be altered significantly. The curious decline 
in mortality among males aged 11 & 12 years (Figure 4.6 & 4.7) 
may have been an artefact of small sample size: as few as two or 
three dead males aged 12 and 13 years would have produced a 
smoothly rising curve . Life tables are reproduced in full in 
Append i x 5 . 
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r = 0 
Age-specific rates of mortality calculated for females (A), 
assuming annual rates of increase of the female population of 0 
and 0.074 and for males (B) with and without known rut 
casualties. 
142 
I 
II 
4.6 THE MECHANICS OF CHANGE. 
The principal feature of the pattern of growth of the pop-
ulation in Adventdalen was erratic fluctuation in numbers from 
one year to the next (Figure 2.8 & 2.9). The principal factors 
responsible for changes in population size were: 
1) death of calves late in winter (kl), 
2) death of adults late in winter (ka), 
3) variation in the successful production of calves (~), 
4) emigration by both calves (kmj) and adults (kma). 
These five 'sub-mortalities' (called kl, ka, ~' kmj and kma 
respectively) defined K, the total losses from the population 
during one annual cycle from July. K =kl+ ka + ~ + kmj + kma. 
Low production of calves (kQ.) was apparently due entirely to 
reduced fecundity although mortality of calves aged 0-1 month old 
may have been underestimated (section 4.4.3 and 4.5.2). I did 
not differentiate between reduced fecundity and early calf mort-
ality in this analysis but combined the effects of both as~. 
Rates of mortality and of successful production of calves 
were closely inversely correlated (Table 4.15). Furthermore , 
w;lt; 
mass emigration in winter 1983/84 coincided/ high mortality 
(21.5%, Table 4.14) and low production. In fact, the rate of 
successful production of calves in 1984 was the lowest ever 
recorded (9.0%, Table 4.7). Thus, the pattern of growth was 
clearly divided into 'good years', in which the population grew 
rapidly and ' bad years' in which it declined rapidly; there were 
no 'in between' years when numbers did not change. Key factor 
analysis illustrated this division nicely (Figure 4.8). 
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Table 4.15 
Comparison of rates of adult and calf mortality and successful 
production of calves in the following spring. (90% of natural 
mortality occurred late in winter). 
High mortality, 1979 
low calving, 1981 
1984 
Low mortality, 1980 
high calving . 1982 
1983 
1: Table 4.14. 
2: Calves:100 females >2 
Adult 
mortality 
(%)(1) 
( 1 9 . 7 ) 
17.7 
15.5 
1. 7 
2 . 3 
3. 1 
years old at 
Calf 
mortality 
(%)(1) 
(59.8) 
46.2 
44.6 
1. 8 
7 . 1 
1. 9 
calving. 
Birth rate 
(%)(2) 
> 25.9 
> 24.6 
> 9.0 
< 73.3 
< 65 . 2 
< 67.2 
N.B. About 44 reindeer may have emigrated in 1982/83 
although this was not confirmed (section 2.5.2) I assumed, 
here, that they emigrated but this did not affect the overall 
significance of any of the four main sub-mortalities. 
Loss of calves was the main factor which limited the 
population, accounting for 65% of overall losses: 31% due to low 
production of calves (kQ.), 23% due to mortality in winter (ki_) 
and 11% due to ~migration (kmj) (Table 4.16). 
The single factor which had greatest effect in limiting 
growth of the population was low production of calves, kQ_. This 
accounted for 35% of 'lost' growth in the five years up to 
1983/84 (i.e. before substantial emigration) and 31% overall 
(compared with 28 & 23% for calf mortality and 29 & 23% for adult 
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Figure 4.8 
(J) 
a:, 
::, 
C1l 
> 
I 
.::£ 
(J) 
a:, 
::, 
0.4 
K 
0.3 
0.2 
0.1 
0--'--------~---~-------
0.2 km 
c0 0.1 
> 
I 
.::£ 
1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 
k-values for the Adventdalen population 1978/79-1983/84. K, 
total losses, shows clearly the pattern of fluctuation between 
'good years' (K ~ 0;05) and 'bad years' (K ~ 0.19); k.£, production of calves; km, emigration (calves and adult combined); ka, adult mortality; kj_, calf mortality. 
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mortality; Table 4.16). The most potent limiting factor in any 
one year was emigration (kmj + kma) which accounted for 42% of 
losses in 1983/84. Mortality of calves and adults late in winter 
had similar effects on numbers (both accounting for 23% of losses 
overall) even though calves died at much higher rates than adults 
(Table 4.14). 
Regression coefficients of the different k-values (y axis; 
excluding km, because substantial net emigration occurred in only 
one year) on K (x axis) ranked, in descending order, kJ2. > ki_ > ka 
(0.428, 0.352 and 0.306, respectively; data from 1978/79 to 
1982/83). The sum of the coefficients is close to unity (1,086) 
as expected (Manly 1977; Podoler and Rogers 1975). With emigra-
tion included, results (all six years) were as follows: kJ2. > kma 
> ki > ka > kmj (0.278, 0.272, 0.202, 0.175 and 0.099 = 1.026 ). 
kJ2. was thus the single sub-mortality which contributed most 
((0.278/1 . 026 ) x 100% = 2~ . 1%) of the variation in total losses 
between years (K). In other words, the rate of successful prod-
uction of calves (fecundity x early post-natal survival) was the 
'key' to changes in the density of reindeer in this population. 
All three sub-mortalities (k.J2., ki_ and ka) tended to increase 
with increasing population density (Figure 4.9) but none of the 
regression coefficients differed significantly from O (15]. Sub-
stantial net migration (kmj + kma) occur,red only in 1983/84 when 
the population density reached its maximum. However, with this 
one exception, density-dependent processes in population regul-
ation were overshadowed by factors which caused large, erratic 
fluctuations in both mortality and the production of calves. 
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Table 4.16. 
The contribution of each of five separate sub-mortalities to 
total losses from the population each year. Results from the 
'good years' (when losses were almost negligible) are given 
in brackets. 
K (percent) 
L 
July-July ( %) kmj kma kj ka kp 
1978/79 38.3 0 0 31 30 39 
(1979/80) 0 0 0 0 0 0 
1980/81 35.4 0 0 32 29 39 
(1981/82) 2.3 0 0 ( 2 1 ) ( 43) ( 36) 
(1982/83) 10.9 ( 58) ( 1 7 ) ( 4) ( 16 ) ( 4 ) 
1983/84 57.3 16 26 17 16 25 
----------------------------------------------------------
TOTAL (a) 6 2 28 29 35 
TOTAL ( b) 11 13 23 23 31 
L: Total annual losses [1 - (1/antilog~K) x 100%]. 
K: Percentage of total losses (K) contributed by emigration of 
calves (kmj) and adults (kma), mortality of calves late in 
winter (kl), mortality of adults late in winter (ka) and low 
production of calves (kQ). 
a: Excluding 1983/84, the only year when substantial emigration 
occurred. 
b: All years. 
DISCUSSION 
The pattern of growth of the population of reindeer in Advent-
dalen was determined, during this study, mainly - and to an 
approximately similar extent - by three variables : mortality , 
dispersal and the production of calves (section 4 .. 6). Annual 
variation in these contributed 36 . 4, 35 . 9 and 27 , 1%, respective-
ly, of variation in total annual losses . Results for calves 
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Figure 4 . 9 
Plot of k-values against log population density in the preceding July . k.2_, production of calves ; ka, adult mortality; kj_, calf 
mortality. None of the regression coefficients (b) are signif-
icantly different from O (14] . In each plot the lower three 
p oints repr esen t data f r om t he ' good years ' (when numbers 
increased) while the upper t h ree points are from the 'bad y e a rs ' (when numbers decline d). 
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and adults were analysed separately: variation in the rate of 
production of calves contributed 2 7 , 1% of variation in total 
annual losses; variation in adult emigration contributed 26. 5 % of 
the total variation in losses; variation in calf mortality con-
tributed 19 , 7 %; values for adult mortality and emigration of 
calves were 17 . 1% and 9.6%, respectively. The annual rate of 
production of calves was therefore the key factor in this 
population. 
Several studies have shown that loss of calves is the main 
factor limiting growth of populations of reindeer and caribou 
(e.g. Bergerud 1971; Parker 1972; Skogland 1985a). This study 
showed that loss of calves was not only the main factor which 
limited numbers in Adventdalen, accounting for 35% of all losses 
during this study, but also that variation in the proportion of 
calves lost each year (k.£. + kj_) was the principal cause of change 
in the density of reindeer in Adventdalen, accounting for 46. 8·% 
(2 7 , I + 19. } %) of variation in total annual losses. 
The dynamics of the population in Adventdalen were unusual, 
however, in three respects. First, calf losses before birth 
appeared to have been more important, both in terms of limiting 
numbers and in _terms of variation in losses between years, than 
early post-natal mortality. Second, mortality in summer and 
early in winter (July to December inclusive) was negligible. 
Third , rates of birth and death fluctuated considerably from year 
to year. 
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May. 
Two important results were based on counting antlers late in 
Differences in the proportion of females with antlers just 
before calving were used as evidence that the rate of fecundity 
varied between years (section 4.4.2) and, second, the close fit 
between this 'antler pregnancy rate' and the observed rate of 
birth was used as indirect evidence of low rates of early post-
natal mortality (section 4.5.2), Skogland (1985a) found that 
less than 1% of parous wild reindeer in Norway had no antlers but 
although the evidence from reindeer shot in this study was 
consistent with this, the results were not conclusive. None of 
eleven non-pregnant females shot in late May had antlers but, 
contrary to expectation, four out of ten pregnant females were 
also antlerless (section 4.4.2). The relationship between 
pregnancy and late casting of antlers by female Svalbard reindeer 
remains to be confirmed. 
Correlation between the proportion of females with antlers 
in late May and the observed rate of 'birth' is not conclusive 
evidence for a relationship between pregnancy and late retention 
of antlers. Antlered females might have been more successful at 
raising calves, perhaps as a result of preferential access to 
feeding sites late in winter at the end of gestation (e.g. Hen-
shaw 1968a), for it is well established that survival of reindeer 
calves is affected by females' nutritional status and condition 
during pregnancy (e.g. Rognmo et al . 1983; Skogland 1984b, 
1985a). However, the functional significance of late retention 
of antlers by some reindeer and caribou females remains unknown. 
There was, for example, no significant difference in either body 
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weight or the weight of foetuses between antlered and unantlered 
females shot during this study (section 4.4.2). Moreover, 
although Prowse, Trilling and Luick (1980) found, using semi-
domesticated reindeer in a corral, that antlered females could 
displace antlerless females of equal (?) or smaller body size (n 
= 3 & 1 interactions, respectively) they also observed that 
large, artificially deantlered females displaced smaller antlered 
females (n = 2 interactions). 
Hence, there is no evidence that possession of antlers at 
calving improves survival of calves and, in the absence of direct 
evidence of heavy early post-natal mortality of calves in Sval-
bard (below), it is reasonable to suggest that that possession of 
antlers in female Svalbard reindeer in late May was normally 
indicative of pregnancy, rather than the eventual viability of 
their calves. Consequently, large annual differences in the pro-
portion of females with antlers in late May (Table 4.3) presum-
ably indicated that it was the pregnancy rate, not the rate of 
calf survival, which varied from year to year in Adventdalen. 
The pregnancy rate 6f a population is the product of its age 
distribution and age-specific rates of fertility. Changes in age 
distribution a+e unlikely to have been an important cause of 
variation in the pregnancy rate in Adventdalen; the age structure 
of the breeding population was buffered by the unusual pattern of 
mortality . Almost all females which survived their first winter 
lived for at least six more years. Assuming (1) they were sexu-
ally mature by the time they reached mature body weight (three 
years old; Chapter 5) and (2) they were capable of breeding until 
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they died, then the main reproductive capacity of the population 
would normally have been spread almost evenly over five cohorts 
(three to seven year olds). Thus, when the net rate of increase 
of the population was zero (as it was during this study; Chapter 
2), loss of even an entire cohort of females would, on average, 
have reduced the breeding capacity of the population by less than 
20%. The rate of recruitment, however, varied relatively little 
(Table 2.15) compared to the birth rate which, by contrast, 
apparently fluctuated more than eight-fold (Table 4.4). Annual 
variation in the birth rate, which was the key factor in this 
population, was thus most likely to have been due to annual 
variation in age-specific rates of fecundity. 
Fertility is usually high in adult (~ 3 yrs old) reindeer 
and caribou and large fluctuations in fertility have been confir-
med only in Peary caribou, another high arctic variety (Table 
4 . 1 7 ) . Pregnancy rates in Peary caribou, like rates of birth in 
Svalbard reindeer, fluctuated independent of population density 
across years. This suggests that, in both cases, fecundity rates 
were influenced by the weather. Reduced rates of birth in 
Svalbard reindeer followed winters with heavy (>20%) mortality 
(which, in turn, appeared to be partly a consequence of 
unfav ourable snow conditions - below) and low fertility of Peary 
caribou was likewise associated with above average snow fall 
(Thomas 1982). 
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Table 4.17 
Rates of pregnancy and birth in different populations of 
reindeer (R) and caribou (C). 
Pregnancy/Birth 
rate* ( % ) 
Highly variable 
Svalbard, Adventdalen ( R) Pa 25.6 - 81. 8 
II II B 9.0 73.3 
II Reindalen (R) Pa 40.0 - 75.0 
Canada, Arctic Islands (C) Ps 15.8 - 92.3** 
· ( Peary caribou) 
Relatively constant 
Norway, Hardangervidda ( R) Pa 57.0 - 87.0(a) 
Snj1Shetta (R) Pa 60.0 - 86.0 
Knutsh!IS ( R) Pa 90.0 -100 
s. Georgia ( R) Ps 91 ( b) 
USA, Alaska ( C) Pa 72(c) 
Canada, Newfoundland ( C) B 72.1 - 91. 4 
II NWT (C) Ps 64.8 - 73.4 
Pa: Pregnancy rate (from counting antlers). 
Ps: Pregnancy rate (shot sample) 
B: Birth rate. 
N: Number of years in the sample. 
* Calves : 100 females ~2 years old at calving. 
** Calves : 100 females >2 years old at calving. 
a) Range over 9 years= 70.0-82.0 
b) No difference between two years. 
c) Approximately the same in all eight years. 
N 
3 
6 
3 
4 
10 
9 
6 
2 
8 
10 
3 
Source 
( 1 ) 
( 1 ) 
( 2 ) 
( 3 ) 
( 2 ) 
( 2 ) 
( 2 ) 
( 4 ) 
( 5 ) 
( 6 ) 
( 7 ) 
Refs: (1) this study; (2) T. Skogland, pers. comm .; (3) Thomas 
1982; (4) Leader-Williams 1980; (5) Skoog 1968: 552; (6) Bergerud 1971; (7) Dauphin~ 1976. 
Adult fecundity is normally the least variable component of 
population dynamics in artiodactyls. Variation in fecundity 
played little part in changing either the density or rate of 
increase of populations of Himalayan tahr Hemitragus jemlahicus 
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(Caughley 1970) and Soay sheep Ovis spp. (Grubb 1974) and it con-
tributed only 12% and 6% respectively to variation in Kin Afri-
can buffalo Synceros caffer and blue wildebeest Connochaetes 
taurinus (Podoler and Rogers 1975). Red deer Cervus elaphus 
provide one notable exception . There was a pronounced decrease 
in [calf:hind] ratios on the island of Rhum (Scotland) as the 
study population there increased in numbers (Clutton-Brock, Guin-
ness and Alban 1982). One important difference with these, 
however, was that the density of red deer hinds on Rhum changed 
three-fold during the course of the observations compared with 
changes of less than one fold in the other examples. 
The range of variation in annual rates of birth in Svalbard 
reindeer (9.0-73.3% , Table 4.7) was much greater than in red deer 
(28-51%; Clutton-Brock, Major and Guinness 1985). Despite this, 
one notable feature in Svalbard was the relatively small contri-
bution that reduced fecundity (the key factor) made to the over-
all variation in total annual losses (K). Variation in the 
fecundity of red deer binds on Rhum accounted for 45% of vari-
ation in K (Clutton-Brock, Major and Guinness 1985) compared with 
28% for reindeer in Adventdalen. In both wildebeest and African 
buffalo the key factors (adult and juvenile mortality, respect-
ively) accounted for 48% of variation in K (Podoler and Rogers 
1975) . The low contribution of kQ to K i~ this study emphasises 
how sub-mortalities besides the key factor played a . major part 
in changing population density and limiting the number of rein-
deer in Adventdaleri. 
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Low mortality in young and middle aged reindeer in Advent-
dalen is unlikely to have have been entirely due to the absence 
of predators (contrast Bergerud 1971, Miller 1974). There are no 
predators on South Georgia, either, yet reindeer of all ages 
there suffer substantial natural mortality (Leader-Williams 
1980b) . Furthermore, Reimers (1983a) calculated mortality rates 
of 5-20% and 10-17% per annum, respectively, for male and female 
Svalbard reindeer aged 1-7 years old. His analysis was based on 
a heterogeneous sample of jawbones picked up in different parts 
of Svalbard and his result indicates that there may be regional 
differences in the pattern of mortality. Causes of death and 
reasons for the abrupt rise in mortality in reindeer aged 7 or 8 
years old in Adventdalen are discussed in Chapter 6. 
Heavy early post-natal mortality of calves is almost ubiqui-
tous among reindeer and caribou (Table 4.18). It is clearly the 
principal factor limiting numbers of barren-ground caribou (Dau-
phine 1976, Parker 1972). Predators (chiefly wolves Canis lupus 
and lynx Felis lynx) are responsible for the largest recorded 
losses (Bergerud 1971, Parker 1972) but hypothermia is also 
thought to be important (Kelsall 1960, Skogland 1985a) although 
there is no direct evidence that this causes large losses (Miller 
and Gunn 1986) . - The apparent absence of early post-natal morta-
lity of calves in Svalbard was both unusual and remarkable, 
especially in 1981 when not only had reindeer suffered a hard 
winter (25.7% of the population died) but also there were bliz-
zards during calving . Svalbard calves weigh less at birth than 
other reindeer & caribou (Chapter 5) and contain little (<2%) fat 
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Table 4 18 
Comparison of the timi ng and extent of calf morta l ity in different populations of reindeer and caribou. 
% mortality in each period 
0- 1 month, 1- 5 months, 6 - 12 months, 
Reindeer 
Svalbard, Adventdalen ea. 2 3 2 - 46 ( 6 ) 
Norway 40 40 1 0 ( 7 ) 
Swedel'l** 3 - 48 24 45 ( 9 ) 
South Georgia 15 - 29 - -
Caribou 
Canada, Newfoundland 6 - 56 69*** 7 ( 1 0 ) 
NWT 60 1 4 29 ( 3) 
USA, Alaska 43 22 - 37 10 - 22 ( 5) 
* mean; range= 1.8 - 46.2. 
** semi-domesticated reindeer. 
** * 0-6 months; mortality declined after September/October. 
( n) number of years in the sampl e. 
Annual Predation Authority 
36* No this study 
45 - 77 Rare Skog l and ( 1985a) 
12 - 75 Rare Rehbinder ( 19 75) 
- No Leader-Wi l liams 
( 1980) 
69 Yes Bergerud ( 1971 ) 
78 Yes Parker 1972 
30 - 50 Yes Skoog (1968:624) 
(Reimers, Ringberg and S~rumgaard 1982) . One e xplanation of the 
low rate of mortality is that females might usually have had 
sufficiently large reserves of fat in June to meet temporary 
crises with increased production of milk . The physiological 
condition of females in spring is described in Chapter 5 . 
It is potentially easier to demonstrate that a substantial 
number of calves die (even though this might be difficult to 
quantify) than to show the reverse . Arctic foxes Alopex lagopus 
were undoubtedly the most efficient registrars of early calf 
mortality working in Adventdalen but, nonetheless, few bones of 
newborn calves were found among the carrion lying scattered 
outside their dens (section 4.5 . 2). It is unlikely that this was 
because foxes might have eaten small carcasses below ground : dens 
are used traditionally in Svalbard and it is improbable that 
foxes would tolerate scraps accumulating in them . 
The low rate of mortality among calves aged 1-5 months old 
is also unusual for reindeer and caribou . Death of calves in 
summer, for e x ample, was the principal factor limiting caribou in 
Newfoundland (Be r gerud 1971) . Most were killed by predators but 
h e a vy summer losses have also been recorded among populations 
suffering little or no predation (Table 4 . 18) . Abandonment and 
subse quent starvat i on , h ypothe r mia , b a c terial i nfection a nd 
stress associated with high concentra t ions of biting insects have 
all been imp l ica ted (Kelsa ll 1968 ; Miller and Broughton 1974 ; 
Rehbi n de r 19 75; Sk ogland 19 8 5a ; Thing a nd Clausen 1980) . Skin 
warb l es Oedema g ena t arandi and t hroat warbles Ceph anomyia trompe , 
howe ver , are not present in Svalbard and mosquitoes Ae des spp . do 
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not occur in large numbers in Adventdalen, probably because of 
the small amount of standing water (Chapter 1). Negligible 
mortality in summer indicates, further, that calves suffered 
neither nutritional stress, debilitating parasitism (see Halvor-
sen and Bye 1985) nor serious disease during the first six months 
of life. This was evident from their rapid rates of growth 
(Chapter 5). 
Svalbard reindeer calves suffered heaviest mortality during 
winter (Figure 4.3). Death at times of reduced food availability 
is common in ungulates: calves, moreover, typically suffer worse 
adults. Juvenile mortality often varies considerably from year 
to year, depending on the weather (e.g. red deer Cervus elaphus; 
Mitchell, Staines and Welch 1977: black-tailed deer Odocoileus 
hemionus; Klein and Olson 1960: roe deer Capreolus capreolus; 
Strangaard 1972: Bighorn sheep Ovis canadensis; Stelfox 1975), 
and can have a major influence on the growth of p6pulations. Dry 
season mortality of juvenile African buffalo, for example, was 
the key factor in the Serengeti population. The rate of mortal-
ity was independent of population density across years and Sin-
clair (1977) concluded, therefore, that the ultimate cause of 
changes in th~ density of buffalo was random variation in the 
weather. Mortality of adult buffalo , a non-key factor, was 
density dependent and therefore regulatory, tending to comp-
ensate for perturbations caused by the weather. Interestingly, 
however, juvenile mortality contributed 56% of the variation in K 
-~ in buffalo (Podoler and Rogers 1975) compared with f 20% for rein-
deer calf mortality in Adventdalen (section 4.6), again emphas-
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ising the importance of pre-natal losses in this population. 
There is little information on the extent or variability 
of mortality of wild reindeer and caribou calves in winter. This 
is due largely to the difficulty of measuring winter mortality in 
large, widely dispersed, migratory populations. Monitoring 
changes in [calf:female] ratios is unsatisfactory because mort-
ality is underestimated unless adult losses are known and it 
is rarely feasible to measure these (e.g. Bergerud 1980, Leader-
Williams 1980a). Adult mortality can be calculated indirectly 
from life tables (e.g. Skogland 1985a) but this smoothes out 
variation between years and yields only average rates. However, 
despite (or, perhaps, because of) these limitations, heavy loss 
of calves in winter is thought to be unusual (Table 4 . 18) . It 
may be, as Skoog (1968) and Bergerud (1980) have suggested, that 
hunting and predators normally hold migratory populations at 
densities below ecological carrying capacity (K) so that they 
rarely experience acute shortage of food or, alternatively, that 
populations are regulated at K by heavy mortality of calves in 
summer (Skogland 1985a) . Isolated cases of heavy mortality from 
starvation in winter have been attributed to exceptional weather 
conditions which cause crusting of the snow or formation of a 
layer of ice over the vegetation (e.g. Klein 1968; Miller, 
Russell and Gunn 1977b). 
The pattern of large, erratic fluctuations in rates of 
mortality and fecundity strongly suggested that weather had a 
major influence on growth of the population in Adventdalen . Two 
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of the 'bad years', 1978/79 and 1980/81, for example, were 
characterized by a late (June) melt (Table 4.6), suggesting that 
heavy mortality might have been associated with the length of 
time for which reindeer suffered .restricted access to forage. It 
is frequently stated, moreover, that heavy mortality of reindeer 
and caribou is associated with periods of mild weather and rain-
fall in winter (e.g. Larsen, Nilsson and Blix 1985a; Miller, 
Edmonds and Gunn 1982; Nilssen, Sundsfjord and Blix 1984; Reimers 
1982a; Skjenneberg and Slagsvold 1968; Thomas 1982,) something 
for which the west coast of Svalbard is particularly susceptible. 
Unlike continental high arctic regions (which usually remain cold 
throughout winter), the west coast has an oceanic climate and the 
ambient temperature occasionally rises above freezing for short 
periods even in the middle of winter. Cycles of thawing and 
subsequent re-freezing, resulting from alternating periods of 
mild and cold weather cause the snow to recrystallise and 
increase in density so that, eventually, it may become so hard 
that the reindeer can no longer dig through it to reach the 
plants beheath. Indeed, in March and April 1984 (late winter of 
the third 'bad year') I observed sheets of blue ice, several 
centimeters thick in places, over large areas in the valley. 
Meteorological data, however, provided conflicting evidence 
for the role of weather in population processes in Adventdalen. 
'Bad' years were associated with above average duration of snow 
0 
cover and relatively high frequency of temperatures below -15 C 
but not with rain or mild temperatures, the conditions expected 
to cause icing , or with wind or the amount of precipitation in 
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winter (Table 4.19). On the contrary, with the exception of 
1983/84, lowest mortality occurred in winters with most days' 
rainfall! 
Table 4.19, 
'Good years' and 'bad years': association between the annual 
rate of increase of the population of reindeer in Adventdalen and 
the weather in winter. 
Annual 
rate of 
K increase 
of pop. 
( 1 ) ( % ) 
GOOD YEARS 
1979/80 0 43. 1 
1981/82 0.01 25.4 
1982/83 0.05 15.9 
BAD YEARS 
1978/79 0.21 -15 . 8 
1980/81 0. 19 -17.6 
1983/84 0.37 -47.2 
Mean 
(1976-1984) 
Ppt. 
(mm) 
117 
77 
98 
109 
100 
105 
104 
Snow 
(days) 
( 2 ) 
205 
217 
243 
270 
245 
241 
233 
1 K = total losses (see section 4.3). 
Temp. 
(pentads) 
---------
low 
( 3 ) 
15 
14 
7 
20 
23 
12 
16 
high 
( 4 ) 
10 
12 
9 
19 
4 
13 
12 
2 Total number of days with >30% snow cover. 
Rain-
fall 
(days) 
( 5 ) 
6 
5 
9 
4 
2 
10 
7 
Wind 
(days) 
( 6) 
81 
69 
99 
87 
74 
84 
77 
3* - 0 No . of p~ntads with mean temperature <-15 C; (1 pentad = 
4* 
5 
6 * 
Ppt*: 
* 
period of five days) . 
No. of pentads with a maximum temperature ~o0 c. 
No. of days with rain and >0.1 mm precipitation between 
November and April (inclusive) . 
No. of days with average windspeed >6 Beaufort. 
Total precipitation. 
October to April (inclusive). 
Data from Svalbard Lufthavn (Provided by Det Norske Meterologiske 
Institutt). 
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This unconvincing demonstration of the effects of climate on 
the rate of increase of the population probably reflects inade-
quate understanding of the meteorological conditions and physical 
processes which cause hardening of snow and formation of ice, 
rather than misconception about the ultimate cause of heavy 
mortality (but see also section 7.3.2). The severity of winter, 
from a reindeer's point of view, must be measured in terms of the 
amount of food which remains available. The functional para-
meters therefore include the depth, texture and hardness snow -
which can vary from week to week - and the length of time for 
which snow lies (Dauphine 1976; Henshaw 1968b; LaPerriere and 
Lent 1977; Leader-Williams, Scott and Pratt 1981; Pruitt 1959; 
Skogland 1978). Consequently, it may not be surprising that 
attempts to compare the severity of one winter with another using 
meteorological parameters alone has only limited usefulness. 
My results confirm Reimers, White and Rusten's (1977) 
suggestion that the dynamics of population growth in Svalbard 
might be dominated by stochastic events but introduce two 
important modifications. First, the pattern of growth was 
influenced not only by variation in rates of mortality, as they 
had assumed, and also by changes in rates of fecundity and 
dispersal. Secondly, their model incorporated 'bad years' with 
rates of mortality "double those of a normal year". There were 
no 'normal' years in this study, at least, not in the sense 
Reimers et al. (1977) implied: mortality in Adventdalen was 
'exceptionally' high in some winters but, equally, it was 'excep-
tionally' low in all the others (Table 4.14). Average rates of 
162 
r 
I' 
mortality, calculated over all five years, were not exceptional. 
Calf mortality (35.8% per annum on average), for example, was 
quite modest compared with other populations (Table 4.19) and 
adult mortality (10.6% per annum; Table 4.12), too, was inside 
the range reported elsewhere (4 to 13% per annum; Bergerud 1980, 
Skogland 1985a). 
STATISTICAL TESTS 
[1] Mean adjusted body weight of pregnant females in May 1980: 
45.2 kg, n = 4; 1981: 43.6 kg, n = 6. Comparison of the vari-
ance in each sample, F = 3.34, n.s. (P >0.2). Comparison 
s [5,3] 
of means of two samples with equal variance (t-test, Sokal and 
Rohlf 1969:222): t = 1.300, t = 2.306, n.s. 
s 0.05 [8] 
[2] Mean weight of foetuses collected in May 1980: 2.4 kg, n = 
3; 1981: 2.1 kg, n = 6. Comparison of the variance in each 
sample, F = 1.15, n.s. (P >0.5). Comparison of means of 
s [5,2] 
two samples with equal variance (t-test, Sokal and Rohlf 
1969:222): t = 1.466, t = 2.365, n.s. 
s 0.05 [7] 
[3] Association between the rate of birth and population density 
in the preceding summer . Spearman's rank correlation coefficient 
r = -0.66, N = 6, n.s. (P >0.05) 
s 
[4] Temporal patterns of mortality in different years were 
compared by inspection . So few reindeer (males, females or 
calves) died in summer or early in winter each year that in most 
cases expected frequencies were less than 5 , even with summer and 
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early winter results pooled. The Chi - squared procedure in 
invalid under these circumstances (Cochran 1954). 
[5] Sex difference in mortality: comparison of the proportion of 
male and female deaths, relative to total annual mortality, which 
occurred early in winter . Data from all years combined. Chi-
2 
squared test for two independent samples. 'X. = 0.019, df = 1, 
n.s. (P >0.8). 
(6] Mortality of newborn calves: comparison of the proportion of 
calves in the population between three and five weeks after 
calving in 1979 and between two and three weeks after calving in 
1980 (Table 4.10). One sample Chi-squared test for two classes 
(calves and reindeer >1 year old). Expected frequencies cal-
2 
culated from the results of the main annual census. 
2 
0.129, df = 1, n.s. (P >0.7). 1980: X:.. = 0.04, df = 
> 0. 8) . 
1979: "X. 
1, n. s. 
[7] Mortality of newborn calves - test for bias in sample 
= 
(P 
counts: comparison of the age & sex composition of sample counts 
with results from the main annual census. One sample Chi-squared 
test for three classes (adult males, adult females and year-
2 2 
lings) . 1979 : 'X.. = 8.0, df = 2, P <0 . 02 , n = 110. 1980: "X.. = 
46.3, df = 2, P <0.001, n = 288. 
[ 8] As [7] but for two classes only (adult males and adult 
2 2 
1980: "X.. females). 1979: 'X. = 7.9, df = 1, P <0.01, n = 97. 
0.02, df = 1, P >0.7, n = 213. 
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[9] Test for bias in sample counts: comparison of the proportion 
of calves in the population in June and July 1979. Chi-squared 
2 
test for two independent samples. 'X = 0.02, df = 1, n.s. (P 
>0.9). 
[ 10] 
2 
As [ 7] . 
2 
1980: 'X. = 6 . 0, df = 2, P 
"X. = 17 . 7, df = 2, P <0.001, n = 185. 
= 0.05, n = 81. 1981 : 
[11) Sex difference in mortality over the whole study: compar-
ison of the mean rate of mortality (proportion of deaths) of 
adult males and females (Table 4.12). 
2 
Chi-squared test for two 
independent samples: "X. = 18.38, df = 1, P <0.001. 
[12] Age difference in mortality in good years: comparison of 
the rate of mortality (proportion of deaths) of calves and adults 
(all three 'good' years combined) . Chi-squared test for two 
2 
independent samples: -X. = 0.387, df = 1 . n . s. (P >0.5). 
[13] Age specific rates of mortality: comparison of the frequ-
ency distribution of age at death between two die-offs (reindeer 
~6 yeirs old), Mann-Whitney 'U' test. Males, U = 51, z = 0.078, 
n.s. (P >0.2); females , U = 31.5, z = -0.82, n.s. (P >0.1). 
[14] Regression coefficients (b) fork-values on log popul-
10 
ation density. k.l2_: b = 0.310, N = 6, t = 0.781, ns (P >0.1), 
s 
ka: b = 0 .1 97, N = 6, t = 0.782, ns (P >0.1). kj_: b = 0.213, N 
s 
= 6 , t = 0. 7 8 2, ns ( P > 0. 1 ) . 
s 
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PART 3: THE CAUSE OF CHANGE 
Chapter 5 
GROWTH, BODY COMPOSITION AND ENERGY BALANCE IN WINTER 
INTRODUCTION 
The rate of mortality of reindeer in Adventdalen fluctuated from 
virtually nil to over 25% of the population in some years (Chap-
ter 4). Most deaths, moreover, occurred late in winter which 
suggested· that the main cause of mortality was starvation. The 
pattern of mortality (and of growth of the population) appeared 
to have been determined by random variation in the weather, but 
what determined how many animals died in a given winter? 
The amount of food available in winter in Svalbard depends 
on the abundance of plants and the characteristics of the snow 
cover. The amount of food available~ reindeer in a given 
winter depends ultimately on the number of animals present. 
Hence, if starvation was the main cause of death, the rate of 
mortality in a given year would, likewise , be expected to depend 
on the density of animals . It follows that the influence of the 
weather on mortality would normally be expected to depend 
ultimately on the absolute abundance and quality of winter food. 
Svalbard reindeer, however , accumulate large amounts of 
subcutaneous fat during summer and autumn; the dressed carcass of 
one 27 month old female, for example, consisted 43.9% fat by 
weight (Reimers, Ringberg and S~rumgaard 1982). Most o f this fat 
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is gone by spring (Reimers and Ringberg 1983) and it has been 
suggested that Svalbard reindeer might normally meet a substan-
tial part of their energy requirements in winter by catabolisi ng 
tissue deposited in summer for that purpose (Reimers 1980, 1982a, 
1984) . Clearly, if Svalbard reindeer rely mainly on fat rather 
than forage in winter, their survival and, hence, the rate of 
mortality in a given year, is likely to be affected less by the 
1r1 w,v,Vev 
abundance and level of competition for food / than by their mean 
,\. 
fat content in autumn . In that case, the stable density of t he 
population would be expected to be set principally by factors 
influencing growth and fattening in summer . 
Resolution of the dichotomy over the relative importance of 
food and fat in winter is central to understanding the relation-
sh i p between Svalbard reindeer and their resources and, hence, to 
understanding the processes which control their abundance . The 
main aims of this chapter are : (1) to describe the pattern of 
growth and to quantify seasonal changes in the weight and body 
composition of Svalbard reindeer and (2) to c a lculate what prop-
o r tion of reindeers ' energy requirements in winter could be met 
by c atabo lism of body tissue. 
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METHODS 
5.1 DATA FROM SHOT REINDEER 
5 . 1 . 1 Collection of specimens. 
Svalbard reindeer are a protected sub-species; permission to 
shoot the reindeer described here was granted b y the Ministry of 
the Environment in Oslo. Eighty-three reindeer were killed 
between May 1980 and November 1981 (Table 5.1). These included 
females of all ages and their calves, where appropriate, but no 
males. Breeding and non-breeding females were shot in equal 
numbers, as far as possible, to assess the effect of reproduction 
on growth and condition. All were killed in Nordenski~ld Land 
Table 5.1 
Timing, location and types of reindeer shot in 1980 and 1981. 
Females > 1 year old 
-------------------
Gestating/ barren/ 
lactating yeld Calves Total Area 
1980 
May 7-27 4 5 3 12 Reindalen/Colesdalen 
July 6-15 2 2 2 6 Colesdalen 
Aug. 23-29 2 2 2 6 Sassendalen 
Sept.22-0ct.7 3 2 2 7 Sassendalen 
1981 
Mar. 31-Apr.16 6 7 0 13 Reindalen/Colesdalen 
May 16-22 6 6 0 12 Reindalen/Colesdalen 
Aug. 13-20 3 3 3 9 Nordenski~ld Kysten 
Oct. 27-Nov.3 8 4 6 18 Nordenski~ld Kysten 
Total 34 30 18 83 
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but outside Adventdalen so as not to compromise the study of 
demography there (Table 5.1). Four collections were made each 
year, timed to span the full range of the annual cycle of growth 
and condition. Reindeer were killed in April and May (late 
winter sample) to measure reindeers' seasonal minimum weight and 
fatness; in July and August (summer sample) to measure the 
effects of lactation and the growth of calves; and in September 
and October (autumn sample) to measure reindeers' maximum weight 
and fatness. The amount of weight lost or gained in a given 
season was estimated from the difference between seasonal mean 
values. 
No measurements were taken in the field . Reindeer shot in 
Reindalen or Colesdalen were brought back to the MAB station 
intact by helicopter or with snow scooters . In Sassendalen, 
reindeer were gutted immediately after shooting and the 
carcasses and alimentary tracts (including contents and mesen-
teries) were carried on foot to a field laboratory . Reindeer 
killed on Nordenski~ld Kysten were dragged back to Isfjord Radio 
station intact on a cart . Usually not more than two reindeer 
were shot at the same time and dissection normally began within 
two hours of death . 
5.1.2 Measurement of growth and body composition . 
The following measurements were made on all shot reindeer, where 
appropriate. 
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Growth 
( i) Total body weight : the weight of the unbled reindeer, 
excepting blood lost from the shot and taken as samples, was 
measured to 0 . 1 kg on a 100 kg x 50 g "steel yard". 
( i i ) Adjusted body weight : as (i) but less the weight of the 
uterus and its contents. 
(iii) Ingesta and conceptus free body weight : as (ii) but 
less the weight of the contents of the rumen and reticulum . The 
intact stomach was weighed full to 0.1 kg before the rumen and 
the reticulum were but open and the contents tipped out; the 
stomach was then re - weighed to 0.1 kg. 
was calculated by subtraction . 
The weight of contents 
( i V) Foetuses aged~ - 2 months were sexed , dried with paper 
towels and weighed to 50 g with a 10 kg spring balance. 
(v) Hindfoot length: the straight line distance from the 
Tuber calcaneum to the distal end of the metatarsus was measured 
to 5 mm with a fle x ible steel tape along the lateral surface of 
the unskinned leg. 
( vi) Femur length : one femur was dissected out and its 
greatest length was measured to 1 mm in a measuring box. 
( v ii) Mandible l ength : the mandible was dissected out and the 
straight line distance from the Gonion caudale to the infraden-
tale was measured on one s i de to 1 mm in a measuring box. 
Most reindeer were shot in the head and one or both 
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mandibles were occasionally cracked or broken. The sample size 
was increased by including measurements made on mandibles taken 
from the carcasses of female reindeer found in Adventdalen (see 
section 2.2). 
(viii) Posterior half of the mandible: the straight line 
distance from the anterior edge of the alveolus of the first 
molar (ml) to the Gonion caudale was measured, on the buccal 
side, to 1 mm with calipers. 
Body composition. 
( ix) Carcass weight: the weight of the animal less its head, 
skin, lower legs and viscera. The head was cut off between the 
atlas and the cranium . The lower legs were cut off between the 
metacarpus and distal carpals and between the metatarsus and 
distal tarsal bones . The entire gastro-intestinal tract 
(including the oesophagus and the rectum), all respiratory, 
digestive and reproductive organs (including the diaphragm and 
v\/~ .--{,,vvv<)V.e,,\ 
the mammary glands) /. The kidneys and any fat around them were 
"-
included in the carcass weight. Measured as (i). 
(x) Rump fat depth : the maximum depth of fat was measured 
to 1 mm on the skinned left haunch along a cut made anteriorly 
0 
from the base of the tail at an angle of 45 from the spine, as 
described by Dauphine (1976) . 
( xi) Kidney fat: the perirenal fat was stripped out with 
the kidneys and the weight of both kidneys and the whole fat 
mass, with no extra trimming, (in contrast to Riney 1955 and 
Dauphin~ 1976) was measured to 1 g . The kidneys were then 
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weighed separately, once the fat had been removed, and the 
weight of fat was calculated by subtraction. 
(xii) Omental and mesenteric fat: each reindeer was evis-
cerated and all the fat attached to the omenturn and the folds of 
the rnesentery was stripped off, pressed into a ball and weighed 
to 1 g. 
(xiii) Marrows: all marrow was removed from the medullae of 
one femur, tibia and metatarsus and weighed, separately, to 1 g. 
The fat content of the marrow was not measured. The total weight 
of marrow from both hind legs was calculated by multiplying the 
combined weight from one side by two. 
(xiv) Total dissectible fat (TDF): all skeletal (subcut-
aneous and inter-muscular) fat was dissected out from one 
sagittal half of the skinned carcass and weighed to 50 g. TDF 
was calculated by multiplying this weight by 2 and ~dding on the 
combined weights of the kidney, omental and mesenteric fat and 
the total weight of marrow from the hind legs. No correction was 
made for the non-fat component of marrow (see Nieland 1970) . 
This was because the combined weight of marrow from both hind 
legs represented less than 2% of the TDF in autumn . 
Approximately half the reindeer shot at each collection 
were dissected (total 32: 26 adults and 6 calves); the fat con-
tent of the remainder was estimated by regression of TDF on the 
depth of rump fat (section 5.4 . 2) . 
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(xv) Skeletal muscle mass: two muscles from the hind limb, 
M, semitendinosus and M. gluteobiceps, were dissected out on one 
side and weighed to 1 g. A small portion (approximately 20 g) 
0 
was weighed, dried in an oven at 70 C. for five days and then 
weighed again. The dry weight of each whole muscle was cal-
culated from [(sample dry weight/ sample wet weight) x whole 
muscle wet weight]. 
I assumed that seasonal changes in the mass of these 
muscles reflected changes in the total mass of skeletal muscle. 
Ringberg et al. (1981) found that there were linear relationships 
between the (wet) weight of each of four muscles from the hind 
limb and the total weight of dissectible muscle in semi-
domesticated reindeer. 
(xvi) Age: the age of specimens older than 1 year was deter-
mined to the nearest year by counting annulations in the cementum 
of first incisor teeth (Leader-Williams 1979a, Reimers and Nordby 
1968). Their age was calculated in months assuming that all 
births occurred in the first half of June (see section 4.4.1). 
5.2 ANALYSIS OF DATA 
5 . 2 . 1 Correctibg for differences in body size . 
Body (skeletal) growth continues in Svalbard reindeer even after 
they reach maturity (section 5 .4. 1) . This precludes comparison 
of the fat content or muscle mass of individuals or groups unless 
these are carefully matched for age, sex and size. Indices were 
devised in which the length of the femur was used to correct for 
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differences 
Fat index 
Muscle index 
where, 
in body size: 
3 
(FI) = (TDF I f ) 
3 
(MI) 
-
( M I f ) 
TDF = total dissectible fat (g), 
M = dry weight of one muscle (tl, semitendinosus 
or tl, gluteobiceps) (g), 
f = length of one femur (cm) , cubed for uniform 
dimensionality. 
The total mass of dissectible fat and the energy reserves of 
different groups of reindeer were compared using the mean weights 
of fat and muscle. Their 'fatness' and relative muscle mass, 
i.e. the amount of fat and muscle in reindeer relative 
to body (skeletal) size, were compared by examining differences 
between mean index values. 
5.2.2 Statistical analysis . 
The homogeneity of samples from different collections made within 
the same season or within the same season but different years was 
examined by analysis of variance. There were no differences 
between years (section 5.4.1) so data were combined appropriately 
by season without testing other parameters (such as fatness , 
muscle weights etc). Non-parametric tests (Siegel 1956) were 
used for all other comparisons. 
at the 5% level in all tests. 
The null hypothesis was rejected 
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5.3 ENERGY BALANCE MODEL 
The main issue in this chapter is whether Svalbard reindeer 
depended principally on fat or forage in winter. This was deter -
mined by calculating first, the maximum amount of energy they 
could retrieve by catabolism of tissue reserves (mainly fat) and 
second, reindeers' total energy expenditure during winter. The 
difference between these two values represents the minimum amount 
of net energy which they must normally have got from food. 
5 . 3 . 1 Gross energy store in autumn. 
Mammals store energy principally as lipid but may also derive 
energy by hydrolysis and oxidation of protein to urea. Hence, 
they have potentially three main stores of energy on which to 
draw during periods of undernutrition (i) adipose tissue, (ii) 
intra-muscular fat and (iii) skeletal muscle. 
The total amount of energy stored as dissectible adipose 
tissue was calculated assuming that this consisted of 92% triacy-
lglycerol, by weight (Reimers et al. 1982), which yielded 9.4 
-1 
kcal.g on complete oxidation. 
The total amount of energy stored as intra-muscular fat was 
calculated assuming that skeletal muscle contained 4 . 9% triacyl-
glycerol, by weight (Reimers et al . 1982) . 
The total amount of skeletal muscle in reindeer was cal-
culated using the regression , 
17 5 
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X = (y + 5.1) / 37.03 ( 1 ) 
where, 
x = the total fresh weight of skeletal muscle (kg), and 
y = the fresh weight of the M. gluteobiceps (g), 
derived from semi-domesticated reindeer (Ringberg et al. 1981). 
These authors referred to tl, biceps femoris but, in ruminants, 
the superficial gluteal muscle and the biceps femoris are fused, 
forming the tl, gluteobiceps (Getty 1975) and this latter nomen-
clature is used here. 
The total amount of energy 'stored' as muscle was calculated 
assuming (i) that reindeer could normally lose 45% of their 
skeletal muscle and still remain alive (section 5.4.1), (ii) that 
the water content of fresh muscles was 70%, by weight (section 
5.4.1) and (iii) that oxidation of muscle protein yielded 4.3 
-1 
kcal.g 
5 . 3 . 2 Energy expenditure in winter. 
The total amount of energy used by one reindeer during orie entire 
winter was calculated using a factorial model similar in 
principle and design to the model SEAERG developed by 0ritsland 
and Hedlund Markussen (1984) for harp seals Phoca groenlandica. 
Th e total amount of energy which a reindeer expended during 
24 hours in winter was calculated as a function of body weight . 
Dail y energy expenditure (DEE) was partitioned between different 
-1 
expendi t ures and separate estimates (kcal . day 
each of t he fol l owing : 
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) were made for 
r 
I 
(a) fasting metabolism (includes respiratory heat loss), 
(b) activity - grazing (feeding, walking between bites & digging 
snow), 
- lying down and ruminating, 
- walking, 
- social and other activities, 
(c) gestation, 
(d) energy retained or secreted, 
(e) metabolic response to cold, 
(f) thawing food. 
Hence, a reindeer's total energy expenditure during day j was, 
-1 
DEE = MA.M kcal.day 
j j 
where 
( 2 ) 
MA= (MB x AFb x Tb) + (MB x AFc x Tc)., (MB x AFf x Tf) 
and 
: MB x [(AFb x Tb) + (AFc x Tc) ... + (AFf x Tf)], 
-1 
MB= fasting metabolic rate (Watt.kg ), 
AFb .. f = multiples of MB representing the energy cost of 
activities of expenditures (b) .. (f), 
Tb .. f = time each day spent at activity or expenditure 
(b) .. (f), 
M = total body weight on day j (kg). 
j 
The model used body weight and activity data from this study and 
energy values from the literature (see Appendix 6.). 
Terrestrial mammals' body weight declines exponentially 
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during starvation. In other words, they appear to lose a con-
stant proportion of body weight each day, not a constant mass 
(Kleiber 1961, Young and Scrimshaw 1971). There are several 
reasons for this . First, there is an initial loss of water 
(Young and Scrimshaw 1971) . Secondly, as weight declines there 
is less mass of tissue to sustain . Thirdly, starving animals 
burn both fat and protein and the proportion of energy derived 
from fat increases as starvation advances. Oxidation of one gram 
of stored fat yields approximately seven times more energy than 
oxidation of one gram fresh weight of muscle (which is mostly 
water); thus, even were the daily withdrawal of energy from 
tissue reserves constant, the daily loss of weight would decline 
with time as the proportion of fat burned increases. 0ritsland 
(1980) developed a formula to describe this process in mammals: 
where 
-1 
Q = 1026 + 1274 ln D kcal.kg 
Q = the energy equivalent of weight loss (2 OOO< Q 
<9 300 kcal), 
D = the number of days for which the animal has 
starved. 
Fourthly, starving animals reduce their activity (e.g. Cornish 
and Mrosovsky 1965, Muller-Schwarze et al. 1982, Westerterp 
1977). As a result, simulations of the e~ergy expenditure of 
( 3 ) 
reindeer were performed one day at a time and the animal's weight 
was reduced at the end of each day using an exponential function 
derived from the observed decrease in body weight over winter: 
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ln M - ln M 
t 0 
r = ------------- ( 4 ) 
t 
where 
r = exponential rate of weight loss, 
M = total body weight at the start of the period (kg)' 
0 
M = total body weight at the end of the period (kg) ' 
t 
t = length of the period (days) , 
thus, 
rj 
M = M e 
j 0 
The process was repeated for a set number (t) of days and 
the total energy expended was calculated by summing the values 
( 5 ) 
for each day . Thus, the total energy expended during the entire 
period, 0 ••• j = t days was given by: 
j = t 
rj 
r MA.W e · kcal. ( 6) 
0 
0 
These steps are summarised in a flow diagram Figure 5.1; 
details of the model are given in Appendix 6 . 
In some ruminants, there is a marked _reduction of fasting 
metabolic rate during winter which is independent of food intake 
(Argo and Smith 1983; Blaxter and Boyne 1982) . Surprisingly , 
this seems not to occur in Svalbard reindeer (Nilssen, Sundsfjord 
and Blix 1984). 0ritsland (1977, 1980) has pointed out, never-
179 
I 
1
1i 
I 
ii: 
I, 
I' 
Figure 5.1 
Specify: 
Total body weight at start, M0 (kg), Total body weight at end, Mj (kg), 
Length of period, t (days). 
Reindeer weighs MJ kg 
Calculate total energy 
expenditure on day j. 
Sum total energy 
expenditure so far. 
Calculate weight 
at the start 
of the next day, 
j=j+l. 
Yes 
No 
Show total energy used 
(kcal) during t days 
( 2 ) 
( 6) 
( 5 ) 
Flow diagram of the steps used to calculate the total energy 
expended by a reindeer during a period oft days in winter. M = 
total body weight (kg). j = a day between day O and day t. 
These terms are e~plained in section 5 . 3 . 2 . Numbers in brackets 
refer to equat ions in section 5.3.2. 
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theless, that the basal metabolism (BMR) of mammals is normally 
depressed during starvation i.e. that there is another kind of 
reduction in metabolism which is dependent on food intake but 
which may only be detected after several days' or weeks' 
starvation. This has been demonstrated on animals ranging from 
humans to rats and can potentially extend their survival time 
considerably (0ritsland 1980 and references therein). The 
relationship between weight loss and the depression of BMR 
remains subject to conjecture. On the basis of Kleiber's (1961) 
data, 0ritsland (1977) suggested that BMR was reduced linearly 
durini starvation, according to: 
MBF = 
where, 
1.33 x M 
j 
MS 
- 0 . 33 ( 7 ) 
MBF = metabolism (depression) factor (0.6 < ·MBF ~ 1.0), 
MS= standard body weight (kg); in this case MS= M0 . 
This has not been verified for ruminants; nevertheless, I 
investigated the potential survival value of metabolic depression 
in Svalbard reindeer using a second version of the model (Figure 
5. 2) . In this, the reindeer's initial body weight and energy 
reserve were specified, but not the pattern of weight loss. The 
model itself generated a weight loss curve. Reindeer's minimum 
energy expenditure (MEE) on each day, j, was calculated from, 
MEE= MB (x MBF) x M 
j 
-1 
kcal . day 
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F i.e:ure 5.2 
Specify: 
Total body weight at start (kg) 
Total retrievable energy reserve (kcal) 
Reindeer 1,;eighs 
Yes 
MB = MB. MBF. M_j 
No 
Calculate minimum energy 
( 7) 
expenditure (MEE) on day j ( 8) 
Reindeer burns fat and protein 
to cover MEE and so loses weight . 
Energy equivalent of weight loss = Q. (3) 
Calculate weight loss on day j , 
Calculate new weig h t . 
Show : 
?-~~~~~o:__.~ next day, 
j = j + 1 
Final body weight (kg ) , 
Survival time (days ) . 
Flow diagram of the steps used to calculate potentially how long 
reindeer could survive on their energy reserves (fat and skeletal 
muscle protein) alone . The model estimates reindeers' minimum 
energy requirements (MEE) each day from their fasting metabolism 
and body weight. The amount of weight lost each day depends on 
their energy requirements and the proportion of protein and fat 
which is burned · to meet them . This depends on the length of time 
for which the animal has fasted. The caloric equivalent of 
weight lost is specified by the function Q (section 5 . 3.2). The 
model includes no increment to cover the costs of activity or of 
maintaining heat balance . 
Ke y: M = total body weight (kg). j = a day between day O and 
day t . MB= fasting metabolic rate = 1.2 W. kg-1 calculated from 
the data of Nilssen, Sundsfjord and Blix (1984) (~ee Appendix 6) . 
MBF = metabolism (depression) factor . These terms are e x plained in section 5 . 3 . 2. Numbers in brackets refer to equations in 
sec t ion 5 . 3 . 2 . 
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and the amount of weight lost on day j was determined from MEE 
using the function Q (equation 3). The model was run (with and 
with out the metabolism depression factor (MBF)) until the 
specified energy reserve was exhausted, whereupon the survival 
time and the animal's final body weight were given. No increment 
was included to cover the costs of activity or of maintaining 
heat balance. The survival time estimated was therefore that of 
an animal merely lying down in a thermoneutral environment, 
neither feeding nor performing any other activity. 
RESULTS 
5.4 GROWTH 
5.4.1 Body size and weight. 
The period of growth for all parameters was defined as that range 
of ages through which there was a significant increase in succes-
sive mean values (see Dauphine 1976). 
Skeletal growth. Calves grew rapidly during summer but there was 
insufficient material to determine when growth slowed in autumn or 
whether any occurred during winter. 
The hindfoot and femur reached statistical maturity in 
length during reindeers' second summer; mandibles reached mature 
length in the third summer (Table 5 . 2) (1]. Visual inspection of 
growth curves (Figure 5 . 3), however, suggested that all three 
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Table 5.2 
Skeletal growth of female Svalbard reindeer from Nordenski~ld 
Land. 
Hindfoot 
Femur 
Mandible 
Posterior 
half of 
Asymptotic 
length* 
cm** 
27.6 + 0.3 
22.4 + 0.2 
21. 5 + 0.2 
10.4 + 0.1 
the mandible 
* see section 5. 4. 1. 
Proportion of the 
asymptote achieved 
at 4 months old 
n (%) n 
33 89.5 7 
36 83.9 8 
60 76.3 3 
56 70.8 2 
** + 95% confidence limits of the mean. 
Age at which 
statistical mature 
size* is achieved 
(years) (summers) 
1. 5 2 
1. 5 2 
2.5 3 
2.5 3 
bones may have continued to grow slowly throughout life . To 
compensate for this, I calculated the asymptotic length of each 
bone arbitrarily as the mean value for reindeer aged 5 years and 
older (Table 5.2), 
The femur was selected for calculating indices of fatness 
and muscle mass because it had slightly lower priority for growth 
early in life than the hindfoot; the latter achieved 89.5% of its 
asymptotic length by the time reindeer were four months old 
(Table 5.2) . Thus the femur better reflected reindeers' body 
(skeletal) size for the purpose of comparing between age classes 
(see Klein 1964). The posterior half of the mandible might have 
been better still for this purpose (see Table 5.2) but mandibles 
were not always available (section 5 . 1 . 2). 
1 84 
Number 15 4 8 2 4 5 2 4 9 6 9 12 4 6 2 
24. 0 
T t + i + f j t 1--l i 1 t 1-ffl-l + 20.0 t 
l 
16.0 1 MANDIBLE 
Number 8 4 13 6 8 2 5 4 3 5 2 2 
i T 28.0 1 l l 1--l 1--l 1--i t f---1 1--i 1--i 
26 .0 
T 
f HINDFOOT 24.0 
Number 15 3 1 1 6 9 2 6 4 3 4 2 
24. 0 
' 
f i 1--i 1--i I--! f 1--i t f--1 t ~ -
20.0 
t 16.0 FEMUR 
0 2 3 4 5 6 7 8 9 10 11 12 13 14 
AGE (wh ole y ear ) 
Figure 5.3 
Growth curves of the mandible, femur and hindfoot of femal e s Svalbard reindeer sho t and f ound d e ad in No rdenski~ld Land in 1980 and 1981 . Ho~izontal bars= mean ; vertical bars = range ; 
shaded columns= 95% confide nce limits of the mean; n = sample 
size; 0 y e ars a ge class= cal v es aged 3 - 1 1 months old. 
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Body weight: calves. No newborn calves were weighed. Data on 
the weight of foetuses killed within one month of calving suggest 
that calves would probably have weighed between 3 . 0 and 4.0 kg at 
birth (Table 5.3). Reimers et al. (1982) recorded actual birth 
weights of 2.5-3.5 kg). There were too few data to investigate 
differences between the sexes. 
Table 5.3 
Weight of foetuses taken from reindeer killed within one month of 
calving. 
Weeks Weight (kg) Sex 
before 
-------------------------
------
Date* calving** mean SD range n M F 
23 - 29 May 2 3.00 1 1 
16 - 22 " 3 2.03 0.50 1. 56 - 2.68 6 4 2 
9 - 15 " 4 2. 15 0.07 2.10 - 2.20 2 2 
* data for 1980 and 1981 combined (see section 4.4.2), 
** mean date of calving assumed to be 5 June (see Figure 4.1). 
The mean weight of calves in autumn (21 October; both sexes 
combined) was 37 . 2 + 2 . 30 kg (95% C . L ., n = 8) . This represents 
-1 
an increment of 963% in 139 days, or 243 g . day throughout 
summer, assuming a birth weight of 3 . 5 kg on 5 June . There was 
no significant difference in autumn body weight between the sexes 
(2] but two out of the three males, however, were killed a month 
earlier than the females (Table 5.4). 
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Table 5.4 
Body weight of calves shot in autumn and late in winter. 
Total body weight 
Calf (sex) Date shot kg mean 
Autumn 
S30 M 30 Sep. 1980 40.3 
S31 M 1 Oct. " 36.5 39.2* 
S74 M 28 Oct. 1981 40.9 
S68 F 27 Oct. 1981 36.1 
S70 F 27 II II 31. 9 
S72 F 28 II 40.6 36.9* 
S77 F 29 37.5 
S81 F 31 II 33.7 
Late winter 
S3 F 10 May 1980 20.4 
S4 M 12 II II 23.7 23.6 
S10 M 27 May II 26.7 
* No significant difference between males and females in this 
sample [ 2] ; however, note the difference in the dates on which 
these were shot. 
Body weight: adults. There was no significant difference in the 
body weights of females from different collections made in the 
same season either within or between years [3]; the data were 
combined appropriately (Table 5.5). 
Females reached statistical mature maximum body weight at 
the end of their third summer (aged 2 yrs 4 mo. ): two year olds 
weighed slightly less than females aged 4 · years and older but the 
difference was not significant [4]. Unfortunately there were no 
3 year olds in the summer or autumn samples. 
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Table 5.5 
Body weight (kg) of breeding and non-breeding female Svalbard 
reindeer in autumn and late winter. 
ADULTS 
mean 
All 
(2._2 years) 
63.2 
+ 95% C.L. 2.8 
15 n 
YEARLINGS 
mean 52.4 
5.4 
2 
+ 95% C.L. 
n 
1 
2 
Lact. 
Preg. 
Mean date: 
Mean date: 
Lactating. 
Pregnant. 
Live ~eight (kg) 
Autumn (1) 
Lact. 
61.7a 
2.8 
11 
Yeld 
67.3a 
6.0 
4 
21 October . 
3 May. 
All 
45.7 
2.0 
32 
30.2 
1. 1 
2 
Late winter (2) 
Preg. 
49.5b 
2.2 
16 
Barren 
41.9c 
1. 9 
16 
* 
a, b,} 
C, d.} 
C.L. 
Live weight less weight of uterus and contents (kg). 
Mean values with the same suffix (a,b,c,d) are not 
significantly different [5, 6, 7, 8). 
95% confidence limits of the mean. 
Preg .* 
45.4d 
2.0 
16 
In autumn, yeld females were 5 . 6 kg (9.1%) heavier than 
lactating females (Table 5 . 5) but the difference was not signifi-
cant [5]. The confidence interval on the mean weight of yeld 
females, however, was larger than for lactating females (8.9% and 
4.5% of the means, respectively), probably, because two out of 
four yeld females in the sample, but none of the lactating 
females, were 2 years olds. Both of these weighed less than the 
combined seasonal mean although the difference was not signi fi-
cant [4]. The difference in mean weights between the lactating 
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and yeld females increased to 10.8 kg (17.5%), with no overlap , 
when the 2 year olds were excluded (lactating females ~3 years 
old; mean= 61.7 kg, range= 53.8 - 69 . 1 kg, n = 11; yeld femal e s 
>3 years old; mean= 72.5 kg, range= 71.1 - 73.9 kg, n = 2). 
In late winter, pregnant females were on average 7.6 kg 
(18 . 9%) heavier than barren females (Table 5.5) [6]. The diff-
erence between the means of each group was reduced to 3.5 kg 
(8. 4%) when the comparison was made using adjusted body weights 
but remained significant (Table 5.5) [7]. 
Loss of weight in winter . Figure 5.4 illustrates the pronounced 
seasonal variation in body weight of female Svalbard reindeer. 
Reindeer lost on average 30% or more of their autumn body weight 
by the end of winter (Table 5.6) . The values given in Table 5 . 6 
represent only minimum losses i.e . the average loss in weight 
sustained by the survivors : the winter of 1980/81 was a hard one 
for the animals and many may have already died by the time the 
Ma y sample was collected that year . It is not possible to 
compare weight losses between years because the sampling 
programme spanned only one winter (September 1980 - May 1981). 
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Figure 5.4 
Growth curve for female Svalbard reindeer. Total body weight 
less the weight of the contents of the reticule-rumen (all 
specimens) and less the weight of the uterus and its contents (winter specimens). Each point represents one reindeer. Solid 
circles: July to October. Open circles: April - May. 
5.4.2 Body composition. 
Fat. The relationship between the depth of rump fat and total 
dissectible fat was analysed first by linear regression but there 
was a significant reduction in the residual sum of squares when a 
second degree polynomial (Steel and Torrie 1960) was fitted to 
the data for adults [9]. This may have simply been because 
weight increases as the cube of linear dimension. In addition, 
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Table 5.6 
Svalbard reindeer: weight loss (total body weight, kg) in winter. 
1 2 
Autumn May Weight loss** 
-------- --------
------------------------kg n kg n kg % 
Calves (M + F) 37.2 8 23.6 3 13.6 + 5.9 36.6 + 14 . 5 Females 1 yr 52.4 2 30.2 2 22.2 + 6.5 42.4 + 7.3 
Females 2 yrs* 62. 1 2 36.9 3 25.2 + 1. 8 40.6 + 2 . 7 Females >4 yrs* 63.3 13 44.5 16 18.8 + 4.7 29.7 + 5. 9 
1 Mean date: 21 October} 
2 Mean date: 20 May } interval= 212 days. 
* Pregnant and barren females combined; the mean weight in May was 
calculated using the adjusted body weight of the former and the 
total body weight of the latter. 
** + 95% confidence limits of the mean. 
however, fat was not deposited uniformly. In thin or only mod-
erately fat (late winter or summer) specimens, most subcutaneous 
fat (the principal reserve - see below) lay over the rump and 
along the top of the back; in very fat (autumn) reindeer, how-
ever, there were large amounts of fat over the shoulders, flanks 
and belly as well. In other words, rump and back fat was 
depleted after, and replaced before, other subcutaneous depots 
and, for this reason, a curvilinear relationship between rump fat 
depth and TDF would be expected. The fat content of specimens 
which were not dissected was estimated from the depth of rump fat 
using the equations given in Figure 5 . 5. 
Svalbard reindeer were very fat in autumn but lean late in 
winter (Plate 4). In autumn, reindeers' dressed carcasses (s ee 
section 5 . 1.2, viii) were one third fat by weight (females >4 
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Figure 5.5 
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Relationship between rump fat depth and total dissectible fat in 
female Svalbard reindeer. Each point represents one reindeer . 
*** P< 0.001 [10]. 
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years old= 33.8% fat, n = 10; calves 32.7% fat, n = 8). 
Subcutaneous and inter-muscular fat accounted for more than 87% 
of this ( Table 5.7). Subcutaneous and inter-muscular fat were 
not weighed separately but the latter probably represented not 
more than about 20% of the combined weight of both. 
The total mass of dissectible fat in autumn increased with 
age up to 2 years old but declined after that. The inverse 
correlation between TDF and increasing age after 2 years was weak 
(r = -0.58, P <0.05), though, and not significant in females of 
s 
4 years and older (Figure 5.6). The coefficient of correlation 
3 
increased (r = -0.67, P <0.01) when the fat index (g/cm) was 
s 
used instead of the total mass of fat (kg) (Figure 5.7). The 
most important effect of using the index, however, was to show 
that although calves had less mass of fat than females 4 years 
and older, they were actually on average 20% fatter than these in 
autumn (Table 5.8). 
The strong influence of age on the amount of fat in reindeer 
in autumn precluded comparing the TDF or fatness of lactating and 
yeld females outside age classes and there were not enough data 
to make the comparison within them. 
Only one reindeer out of 37 killed in April and May had no 
rump fat. The exception, a moribund adult female shot on 15 
April 1981 (Plate 4), had a total of 368 g dissectible fat: fat 
composed only 2 . 3% of the weight of her dressed carcass. 
Surviving adults had about 25% as much fat at the end of 
winter as they had had in autumn (Table 5 . 9) . The association 
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Table 5.7 
Distribution of dissectible fat between the four principal fat 
reserves of female Svalbard reindeer killed in autumn. 
Adults 
Calves 
Proportion(%) of total dissectible fat in each reserve 
subcutaneous & 
n kidney- mesentery- marrow- intermuscular- fat 
4 
2 
4.4 
8.0 
3.0 
4.3 
1. 2 
0.4 
91. 4 
87.3 
between age and fatness was weaker in these than it had been 
among reindeer killed in autumn but it remained significant 
(Figure 5.8). 
Adult females (4 years and older) shot in April were on 
average 32% fatter and had 0.8 kg more dissectible fat than those 
killed in May (APRIL: mean FI= 3.2 , n = 10; mean TDF = 3 . 4 kg . 
MAY: mean FI= 2.4, n = 14; mean TDF = 2 . 6 kg) but neither 
difference was significant [ 16], [ 17]. Nor, in April, was there 
any difference in the amount of fat in pregnant and non-pregnant 
females, although this could have been due to a difference in the 
age distribution of the two groups [18 , 19]. Si x weeks later in 
May, h owev er , pregnant females were distinc t l y fa tt e r t h an n o n -
p r egnant animals (Table 5.10) . 
194 
I 
'I 
I 
I I 
~~?: 2 yrs r3 = -0.56 * 
oo:: 4 yrs 
.,..,. r5 = -0.35 ns 
lact. n r5 = -0.64 * 
16 co 
- • 0 Ol 0 ~ 
-l- • <( 
0 LJ... 12 • w 0 
_J 
co 
• • l- 0 0 
w 
(J) 8 • C/) 8 
0 ~ 
• _J 0 
• • <( o:i" l-
0 
<:! l-
4 
0 1 2 3 4 5 6 7 8 9 10 11 12 
AGE (whole yea;s) 
Figure 5.6 
Relationship between age and total dissectible fat in female 
Svalbard reindeer killed in autumn. Solid circles= lactating 
females, open circles= non-lactating females . Three male calves 
are included. rs = Spearman's rank correlation coefficient; 
* = 0.01< P < 0.05 [11]. 
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Figure 5.7 
Relationship between age and fatness (fat index values) in female 
reindeer in autumn. The fat index expresses the amount of fat in 
a reindeer relative to its body (skeletal) size (see section 
5.2.1). Solid circles= lactating females, open circles= non-
lactating females. Three male calves are included. ~ = Spear-
man's rank correlation coefficient; * = 0 . 01< P <0.05, 
** = P <0.01< [12]. 
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Figure 5.8 
Relationship between age and fatness (fat index values) in female 
reindeer late in winter (April and May). Solid circles= lact-
ating females, open circles= non-lactating females. ~= 
Spearman's rank correlation coefficient (all females); 
** = P <0.01 (15]. 
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Table 5.8 
Fat reserves in Svalbard reindeer in autumn (mean date: 
21 October) and in May (mean killing date= 20 May). 
Total dissectible fat 
-----------------------------
mean (kg) n range (kg) 
AUTUMN 
Calves (M & F) 7.2 8 4.9 - 9.6 
Females: yearlings 11. 7 2 11. 3 - 12.0 
Females: 2 yrs old 16.0 2 * Females: >4 yrs old 10.6 13 6.4 - 14.5 
MAY 
Calves (M & F) 0.5 3 0.4 - 0.6 
Females: yearlings 1. 7 2 0.7 - 2.7 
Females: 2 yrs old 2.2 3 1. 7 - 2.6 
Females: >3 yrs old 2.6 16 1. 7 - 7.3 
3 
mean fat 
index ( 1 ) 
11.0a 
11. 7a 
14.8a 
9.2b 
0 . 7c 
2. ld 
2.4d 
1 [(g/cm) x 10]. The relative value, not the absolute value, 
of the index is important. The index shows here, for example, 
that in autumn calves had, on average, 20% more fat relative 
to body size than the females of 4 years and older. Index 
values with the same suffix (a,b,c,d) are not significantly 
different [13]. 
* Both animals had 16.0 kg dissectible fat. 
Muscle. tl· gluteobiceps is a larger muscle than tl, semiten-
dinosus but, except for the difference in weight (Table 5.11), 
the results from the two muscles were the same. The water con-
tent of both muscles was approximately 70% of their fresh weight . 
This proportion remained the same in summer and winter despite 
the large seasonal difference in weight (Table 5.11). 
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Table 5.9 
Loss of fat by Svalbard reindeer during winter*. 
Autumn (1) May (2) Loss** 
percent percent 
autumn autumn 
TDF FI TDF FI kg TDF FI 
Calves (M + F) 7.2 11. 0 
Yearlings ( F) 11. 7 11. 7 
2 years ( F) 16.0 14 . 8 
>4 years (F) 10.6 9.2 
* Data from Table 5.8. 
0.5 
1. 7 
2.2 
2.6 
0.7 
2. 1 
2.4 
6.7 
10 . 0 
13.8 
8 . 0 
93.1 
85 . 5 
86.3 
75.5 
** Calculated by subtraction of May from autumn mean values. 
90 . 3 
85.8 
73.9 
The drop in FI values are expressed as percentages. There 
was no significant difference between the age distribution of 
the autumn and May samples of females ~4 years old [14]. 
1 Mean date:= 21 October} 
2 Mean date:= 20 May } interval= 212 days. 
TDF Total dissectible fat (kg), 
FI Fat index [ (g/cm3 ) x 10] . 
F females; M males. 
Both muscles reached mature maximum size not later than by 
the end of reindeers' third summer. In fact, there was no signi-
ficant variation in the dry weight of tl• gluteobiceps among 
females aged 16 months or older but, with only three yearlings in 
the sample, it was possible neither to conclude precisely at what 
age this muscle was full grown nor whether or not there was a 
real difference between the two muscles in this respect [22). 
All f emale reindeer (both calves, yearlings and adults) 
appeared to have the same amount of skeletal muscle relative to 
body (skeletal) size both in autumn and, again, late in winter. 
Th ere was no significant association between reindeers' age and 
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Table 5.10 
Comparison of fat reserves (total dissectible fat, TDF (kg) & fat index values, FI (gm.cm3 ) of pregnant and non-pregnant Svalbard 
reindeer (~3 years old) at different times in late winter. 
Pregnant Non-pregnant 
--------------------- ---------------------
mean range 
Apr: TDF (kg) 3.7 1. 8 
May: TDF (kg) 3.2 2.0 
Apr: FI 3.4 1. 5 
May: FI 3.0 1. 8 
Apr: Mean date: 9 April . 
May: Mean date: 20 May. 
- 7.0 
- 7.3 
- 6.9 
- 6.2 
n 
( 6 ) n.s. 
( 9) ** 
( 6) n.s. 
( 8) *** 
** P <0.01, *** P <0.001 [19, 20, 21). 
mean range 
3.0 0.4 - 5.3 
1. 8 1. 6 - 2.2 
2.7 0.3 - 4.7 
1. 6 1 . 5 - 1. 8 
index values for either muscle in either season [23, 24). 
Neither was there any significant difference in muscle index 
values between lactating and yeld females in autumn or between 
n 
( 4 ) 
( 7 ) 
( 4 ) 
( 6 ) 
pregnant and barren females in April [25). It was not possible, 
however, to compare the age distribution of the two groups in 
that month [18) (see 'Fat' above). In May, however, tl, semiten-
dinosus and tl, gluteobiceps of pregnant reindeer were 10.3 and 
19.7% larger, re~pectively , than those of barren females [26). 
Loss of fat and muscle during winter. Reindeer shot in May had 
from 73.9 to 90.3% less dissectible fat than those killed in 
3 
autumn; the absolute (kg) and relative (g/cm ) amounts lost are 
given in Table 5.9. These values represent only minimum average 
losses (see ' Loss of weight in winter ' section 5.4.1). 
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Table 5. 11 
Mass, water content and muscle index values of two skeletal 
muscles in female Svalbard reindeer aged >2 years old in autumn 
and in May. 
M. semitendinosus (n = 1 0 ) M. gluteobice12s (n = 1 2 ) 
--------------------------- -------------------------
dry water dry water 
weight content MI weight content MI 
g % g % 
AUTUMN 
mean: 49.8 71. 4 4.6 148.9 69.4 13.9 
+ 3.9 1. 2 0.4 8.1 1. 2 0.7 
MAY 
mean: 27.8 73.5 2.6 82.3 73.3 7.6 
+ 1. 4 0.9 0. 1 5.6 1. 1 0.5 
3 3 
MI Muscle index [(g/cm) x 10 ). 
All values are given+ 95% confidence limits of the mean. 
Autumn sample: mean date: 21 October. 
May sample: mean date: 20 May. 
The average rate at which reindeer lost fat in winter was 
calculated from the difference between the mean fatness of ani-
mals shot at the start and end of different periods, divided by 
the number of days between collections . Adult females (aged 4 
years and older) lost, on average, approximately 37 g fat per day 
over the entire seven months of winter (Table 5.12). They 
appeared to lose, on average, between half and one third as much 
fat per day during the final six weeks of winter (April 9 to May 
20) compared with the first six moriths. (autumn to April; Table 
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Table 5.12 
Mean daily loss of fat in female Svalbard reindeer (aged 2-_4 years) and calves at different times 
during winter. 
Loss 
~ean fat index value (FI) x lO Autumn-May Autumn-April April-May 
Autumn 1 April 2 May 3 % FI g-d-1 % FI g-d-1 % FI g• a-1 
All females 9.2* ( 13) 3. 2 ( 1 0) 2.4 ( 1 4) 73.9 37 65.2 40 25.0 20 
Pregnant 
* 
3 . 4a ( 11 ) 3.0a( 8) 67.4 34 63.0 39 11. 8 10 
Non-pregnant * 2.7a( 4) 1 . 6b ( 6) 82.6 4 1 70.7 43 40.7 28 
Calves (M + F) 11. 0 ( 8) - 0.7 ( 3) 90.3 30 
*: Mean value for all samples in autumn (equivale nt to 10.6 kg TDF) used for each category. 
a,b: Values with the same suffix (a,b) are not significantly different (20, 21, 27]. 
1 ,2,3: Mean dates of killing= 20 October, 9 April and 20 May, respectively. The intervals 
between killings= 171 days between Autumn and April and 41 days April and May 
collections; 2 12 days overall. 
(n) Sample size. 
% FI: Proportional ( %) reduction in the amount of fat in reindeer during each interval was 
calculated from the difference between the mean fat index value at the start and at the e nd of 
each interval. Hence, the proportional loss of fat in adult females between autumn and May, for 
example, was ((9.2 - 2.4) / 9.2] x 100% = 73.9 %. 
g-d-1: The mean daily loss of fat (g·d-1) was calculated by multiplying the mean TDF at the start of each interval (~ 5 .9 ) by the proportional drop in mean FI during it, divided by the duration 
of the interval in days. Hence , the mean daily loss of fat for all females between autumn and May, for example, was ((10 .6 kg (73.9% / 100 %)] / 171 + 41 days) = 37 g·day-1. 
5. 12) . In addition, in April and May, non-pregnant females 
apparently burned nearly three times more fat per day than preg-
nant females (Table 5.12). There were not enough data to make 
similar calculations for calves, yearlings or 2 year olds. 
Two muscles, tl• semitendinosus and tl, gluteobiceps, were 
between 41.3 and 50.4% smaller in reindeer shot in May compared 
with those in reindeer killed in autumn. 
was the same for each muscle (Table 5.13). 
The pattern of change 
tl, gluteobiceps was 
reduced three times faster than M. semitendinosus, over the whole 
-1 
of winter, (0.32 and 0.10 g.day , respectively) but it was three 
times larger (Table 5.11). The proportional change in size over 
the whole of winter was almost identical for each muscle (45.3 
and 43.5%, respectively; Table 5.13). 
In contrast with fat, there was no sign of a marked red-
uction in the rate of loss of muscle during the final six weeks 
of winter. However, like fat, it appeared that pregnant females 
burned muscle more slowly than non-pregnant females at that time 
(Table 5.13). 
Calves lost a larger proportion of their autumn fat reserves 
during winter than other reindeer (Table 5.9) and, by May, they 
had the least fat of all, both absolutely and relatively (Table 
5. 8). 
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Table 5 . 13 
Reduction in the relative size of two skeletal muscles from the hind leg of female Svalbard 
reindeer (aged >2 years old) during diff e rent parts oE winter. 
Loss 
Mean muscle index value (MI) x10 3 Autumn-Mat Autumn-A12ril Af2ril-May 
Autumnl ·1? Apn. - May 3 % MI g· d-1 % MI g• d-1 % MI - d-1 g• 
M. semitendinosus 
All females 4. 6* ( 10) 3.03 ( 1 3) 2.6 ( 1 2) 43.5 0. 10 3 4. 1 0. 1 0 1 4. 2 0. 11 
Pregnant * 3.05a( 6) 2.7c( 6) 41. 3 0. 10 33.7 0. 10 11 . 5 0.09 
Non-pregnant * 3.01 a ( 7) 2.4d( 6) 47.8 0. 11 34.6 0. 10 20.3 0. 16 
M. gluteobicees 
All fema les 13.9*(11) 8.6 ( 12) 7.6 ( 1 3) 45.3 0.32 38. 1 0.33 11. 6 0.26 
Pregnant * 8.9b ( 5) 8.3b( G) 40.3 0.28 36.0 0. 31 6 . 7 0. 16 
Non-preg nant * 8.5b ( 7) 6.9f( 7) 50.4 0.35 38.9 0.34 18 . 8 0. 41 
Mean value for all females in autumn is used for each category. * 
a,b,c.: 
1 , 2, 3: 
Values with the s ame suffix (a .. . f) are not significantly different [25, 26, 28, 29]. 
% MI: 
g-d-1 : 
Mean dates see Table 5. 12. 
Proportional (%) reduction in the size of each muscle during each interval was 
calculate d in the same way as% FI in Table 5.12. 
Loss of muscle in grams (dry weight) per day was calculated in the same way us the daily loss of fat in Table 5. 12. Hence, between autumn and May the I:!· semitendinosus, for example, was depleted at an average rate of ([49.B g (43.5% / 100%)] / 171 + 41 days) = 0.10 g·day-1 _ 
5.5 ENERGY BALANCE IN WINTER 
5.5.1 Gross energy store in autumn. 
Adult female Svalbard reindeer carried sufficient fat and muscle 
in autumn to yield, on average , approximately 104 600 kcal stan-
dard free energy on oxidation to co2 and urea, respectively. 
Calves carried approximately two thirds this amount. In both 
adults and calves, muscle protein contributed less than 6% of the 
total reserve of energy (Table 5.14). 
104 600 kcal was theoretically sufficient to sustain an 
adult Svalbard reindeer, which initially weighed 63.3 kg, for 84 
days' total starvation, providing it was neither chilled nor 
performed any activity. According to the model, it would have 
lost 33.7% of its initial body weight after this time. When 
metabolic depression was incorporated in the simulation, the 
reindeer survived for 111 days and lost 33.0% of its starting 
weight. The weight loss curves generated by the model are shown 
in Figure 5.9. Corresponding values for the fattest adults 
(those with 14.5 kg dissectible fat which, together with 6.0 kg 
'disposable' muscle (see Table 5.14), made an energy store equi-
valent to 137 500 kcal) were 120 and 148 days, respectively. 
Values for calves, calculated using an energy store of 70 100 
-1 kcal but adults' minimum metabolic rate (1.2 W.kg ), were 91 and 
127 days, respectively, with associated weight losses of 35.4 and 
34.1% of starting weight. 
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Table 5.14 
Mean gross energy stored (kcal) in adult female and calf 
Svalbard reindeer in autumn (mean date: 21 October). 
Caloric 
Total weight equivalent 
Tissue in autumn Fuel ( kcal. g-1 ) 
ADULT FEMALES ( 2__ 4 years old) 
dissectible fat 10.6 kg 92.0% TAG 9.4 = skeletal muscle 13.3 kg* 4.9% TAG 9.4 = skeletal muscle 6.0 kg** 25.7% Protein 4.3 = 
Total = 
CALVES (M + F) 
dissectible fat 7.2 kg 92 . 0% TAG 9.4 = skeletal muscle 7 . 8 kg 4.9% TAG 9 .4 = skeletal muscle 3.5 kg** 25.7% Protein 4.3 = 
Total = 
TAG Triacylglycerol 
kcal 
92 OOO 
6 OOO 
6 600 
-------
104 600 
62 600 
3 600 
3 900 
------
70 100 
* Mean wet weight of tl, gluteobiceps in autumn . . - 486.6 g 
Total weight of muscle by regression (section 5.3.1) = 13.3 kg 
** tl, gluteobiceps was 69 .4% water, by weight, in autumn (Table 
5.11) and assumed to contain 4.9% fat, by weight (section 
5.3 . 1). Reindeer can lose between 40 - 50% of their skeletal 
muscle and still remain alive (Table 5.13). 
5 . 5 . 2 Energy balance in winter. 
The estimated energy expenditure of a non-pregnant adult female 
reindeer during one winter (212 days) was ea. 423 OOO kcal . The 
partitioning of reindeers' daily energy expenditure between diff-
erent costs is shown using an example budget for a 60.0 kg barren 
female (Table 5.15). An energy balance sheet showed that, in 
autumn, full grown female Svalbard reindeer carried sufficient 
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Theoretical weight loss of a fasting reind~er, with and without 
metabolic depression . Death (*) occurs when its energy reserves (stored fat and muscle protein) are exhausted. The curves were 
generated by a model (Figure 5.2) which includes only reindeer's 
minimum energy expenditure ("fasting heat production"; see Appen-dix 6). Survival time would decline with increasing activity . 
207 
energy, stored as fat and muscle protein, to contribute, on 
average, 24.7% of their estimated energy expenditure during win-
ter, not including the cost of gestation (Table 5.16). Corres-
ponding maximum and minimum values (for the range of TDF from 
6 . 4 - 14 . 5 kg; Table 5.8), were 15.9 - 32.5% of winter's energy 
expenditure (WEE), respectively. 
When a linear reduction in metabolic rate (MBF) was incorp-
orated in the simulation, WEE was reduced to 412 OOO kcal. 
had little effect on the energy budget for 212 days: tissue 
This 
reserves could have contributed 25.4% of this amount. However, 
the energy saved (11 OOO kcal) would theoretically have been 
sufficient to sustain a 40 kg reindeer for 7 days at the end of 
winter . 
Adults' total energy expenditure between October and April 
was estimated to be 348 OOO kcal . Given that they lost, on 
average, 40 g fat per day between those dates (Table . 5.12), fat 
could have contributed, on average, approximately 16% of their 
daily energy requirements during the first six months of winter. 
In April and May, by which time the foetus would have begun to 
represent a substantial burden in terms of increased energy 
requirements (Reine et al. 1982), pregnant females lost only 10 g 
fat per day compared with 28 g per day for non-pregnant females. 
The corresponding contributions of fat towards the mean daily 
energy requirements of pregnant and non-pregnant females were 3 
and 14%, respectively (Table 5.17). In other words , pregnant 
females , which presumab l y had the highest weight specific demands 
for energy of all adult reindeer (males and females) during the 
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Table 5 . 15 
Daily energy expenditure (DEE) of a 60 . 0 kg, non-pregnant, adult 
female Svalbard reindeer in winter, partitioned between different 
activities . (Details of the calculation are given in Appendi x 6) . 
Acti v ity 
Grazing 
- feeding 
- walking 
- digging 
Lying down, ruminating 
Walking & trotting 
Social and other activities 
Table 5 . 16 
hours.day 
10 . 36 
0 . 55 
1. 99 
10. 7 
0 . 3 
0. 1 
24 . 00 
-1 
kcal . day 
960 
86 
296 
816 
47 
12 
DEE= 2 217 
-1 
% DEE 
43 . 3 
3.9 
13 . 4 
36.8 
2 . 1 
0.5 
100.0 
Energy balance sheet for a non - pregnant female reindeer (aged >4 
years) in winter. 
Mean gross energ y stored in autumn * (A) 
Mean total energy expenditure in winter 
( 212 days) ( B) 
104 600 kcal 
423 OOO kcal 
Conclusion : In autumn , adult female Sv albard reindeer carried 
sufficient energy reserves to contribute, on average, a MAXIMUM 
of 25% ** of their energy expenditure in winter, not including 
the cost of gestation . 
* from Table 5 . 14. 
** (A/B) x 100% 
final two month s of winter , were apparently able to meet 
v i r t uall y t h ei r entire daily energy requirement from grazing at 
that time . 
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Table 5.17 
Mean contribution (%) of fat to the daily energy expenditure 
(DEE) of pregnant and non-pregnant female reindeer (~4 years old) 
at different times during winter. 
October - May April - May 
All females Barren Pregnant 
Total energy expenditure 
(kcal) 
Length of period (~fys) 
Mean DEE (kcal.day ) 
Loss of fat (g . day-t) 
Loss of fat (kcal. day-1 
Fat's contribution to 
DEE 
a: section 5.5.2. 
b: (A / B). 
c: from Table 5.12. 
(%) 
(a) 
( b) 
(c) 
(d) 
( e) 
d: g fat x 0.92 x 9.4 kcal.g 
e: (D/C) x 100%. 
DISCUSSION 
A 348 OOO 71 OOO 116 
B 171 41 
C 2 033 1 735 2 
40 28 
D 346 242 
17 14 
(see Table 5.14). 
Despite their spectacular reserves of fat, Svalbard reindeers' 
main source of energy in winter is what they eat, not the 
OOO 
41 
829 
10 
87 
3 
reserves which they have stored. Hence, competition for forage 
was likely to h~ve had a significant influence on survival and 
the rate of mortality in a given winter was unlikely to have been 
independent of population density. 
Large seasonal fluctuations in body weight, clearly apparent 
in Svalbard reindeer (Figure 5.4), are not unusual among free-
ranging cervids . Similar patterns of growth have been found both 
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in barren-ground caribou (Dauphine 1976) and wild reindeer 
(Leader-Williams and Ricketts 1981; Reimers, Klein and S~rumgaard 
1983) as well as in other species (e.g. mule deer Odocoileus 
hemionus: Anderson, Medin and Bowden 1972; red deer Cervus 
elaphus: Mitchell, Mccowan and Nicholson 1976). The amplitude of 
the cycle in Svalbard reindeer, however, illustrated by the 
proportional loss of weight during winter, was much greater 
than in other subspecies of Rangifer (Table 5.18) 
Table 5.18 
Comparison of seasonal maximum and minimum total body weight (kg) 
and the proportional (%) loss of weight in winter in adult female 
reindeer and caribou from different populations. 
kg weight loss Locality I Stock I --------- in winter latitude sub-species max. min. (%) Source 
0 Svalbard 78 N wild 63 45 29 this study 
reindeer* 
Canada 62° N barren-ground 89 73 18 Adamczewski (Coats Island) caribou (1986) 
South Georgia introduced 90 78 13 Leader-Williams (Busen) 54° s reindeer (1980) 
Norway 60° N wild 54 48 11 Reimers (1980) (Hardangervidda) reindeer 
Canada 60° N barren-ground 90 80 11 Dauphine (1976) (Kaminuriak) caribou 
Finland 68° N domesticated 66 59 , 11 Nieminen (1980) 
reindeer 
Alaska 65° N caribou 110 100 9 Boertje (1985) (Denali) 
* > 4 yr old. 
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and reflected, although was not necessarily caused directly by, 
0 
the large seasonal differences in food supply which occur at 78 
N lat. The main reason for the fluctuation was deposition and 
subsequent depletion of large amounts of fat. 
Mammals normally store large quantities of fat for one of 
two reasons: to conserve heat and to provide energy during 
periods when they do not feed. Blubber, for example, comprises 
between 20 - 30% of the live weight of many aquatic and semi-
aquatic mammals (Bryden 1972, Bryden and Erickson 1976, L0n0 
1970, Tarasoff 1974) and serves primarily as insulation (Irving 
and Hart 1957, 0r itsland 1970). It can also serve as their main 
source of energy during mating, lactation or migration when they 
may eat little or nothing (Brodie 1975; King 1983; Osgood, Preble 
and Parker 1914). Monogastric terrestrial mammals store similar 
quantities of fat for hibernation (Table 5.19) and male cervids 
(ruminants) fatten considerably prior to the rut (Dauphine 1976; 
Mitchell, Mccowan and Nicholson 1976; Wal l ace and Davies 1985) 
during which they spend little time feeding (Clutton-Brock, Guin-
ness and Alban 1982; Kastnes 1979). In each of these cases the 
role of fat is unambiguous. It is an energy store whose function 
is to sustain the animal during its voluntary fast. 
"Spontaneous anorexia" during hibernation, mating, lactation 
or migration, however, is physiologically distinct from invol-
untary starvation, i.e. undernutrition due to a reduction in the 
quality or accessibility of food (Mrosovsky and Sherry 1980) . 
Voluntary fasts are characterized by animals refusing food even 
though it may be freely available. Periods of anorexia are pred-
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Table 5.19 
Total body fat content (% live weight) of some mammals prior to 
hibernation or torpor. 
Species % fat 
Brown bear ( z) 20.0* D 
Mantled ground squirrel 22.0 E 
Polar bear 22.5 D 
Badger 23.6 D 
San Bernadino chipmunk 25.0 E 
Be lding ground squirrel 29.0* E 
Yellow pine chipmunk 30.0 E 
California ground squirrel 32.8 D 
Hedgehog 34.6 E 
Dwarf hamster ( z ) 35.1* D 
* Fattest individual. 
Z. Zoo specimen; all others are wild. 
D. Dissectible fat. 
E. Chemically extractable fat. 
Source 
Pond and Mattacks 
Jameson and Mead 
L~n~ 
Pond and Mattacks 
Jameson and Mead 
Morton and Tung 
Jameson and Mead 
Linsdale (1946) 
Wienland (1925) 
Pond and Mattacks 
( 198 5) 
(1964) 
(1970) 
(1985) 
(1964) 
(19 7 1) 
(1964) 
(1985) 
ictable and appear to follow an intrinsic rhythm, entrained by 
photo-period and associated with changes in the levels of 
circulating hormones (Brown et al. 1979; Leader-Williams 1979b; 
Pollock 1974; Wade and Bartness 1984a,b; Whitehead and McEwan 
197 3) . Involuntary starvation, on the other hand, occurs when-
ever animals cannot find enough to eat. Food shortage may be 
predictable in .highly seasonal environments, like the arctic , but 
r.o 
non-hibernating mammals seem, nevertheless, ,' cope with it in a 
,\ 
different way. Instead of maximising theiF energy stores, as 
prior to a voluntary fast, they meet the threat of enforced 
starvation principally by attempting to minimise their energy 
expenditure during the critical period . 
21 3 
11 
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Most wild ungulates, for example, face undernutrition each 
winter owing to the inherent seasonality and unreliability of 
their food supply (Mitchell, Staines and Welch 1977; Sinclair 
1977; White et al. 1981). However, they typically store relat-
ively less fat than other herbivores (Pond and Mattacks 1985), 
especially hibernators (Table 5.19 & 5.20). Moreover, their fat 
does not fully substitute for forage in winter; none store enough 
for that . There is, instead , increasing evidence that the 
principal role of fat reserves is to enhance reproductive success 
b y providing a supplement to poor quality winter forage (Kay 
1985 ; Tyler, in press) although they may, in addition, serve as a 
short term emergency rationduring periods when the animals are 
prevented from feeding . 
Ungulates, therefore, need food all year round. In captivity, 
several species, including Svalbard reindeer, eat less during 
winter but none actuall y stop feedin g (Kay 1979 ; Larsen, Nilsson 
and Bli x 1985a ; McEwan 1968 ; McEwan and Whitehead 1970), nor has 
a voluntary reduction of food intake in winter yet been demon-
st r a ted amo ng free-ranging animals. These feed continuously, 
maintaining a high rate of intake b y e xpanding their choice of 
diet to include poor qualit y material which they reject in summer 
(Owen - Smith 19 7 9 , Skogland 1984) . Reducing t ime spent on non-
feeding activities i . e . activities other than grazing or rurnina-
ting (Cabon-Raczynska et al . 1983 ; Gaare, Thomson and Kjos-
Hanssen 1975 ; Geist 1971; Roby and Thing 1985) , making use of 
sh e l t e r (Staines 1976) , growing a thick coat (Cowan and Raddi 
1972; Moot e 195 5; Ryder and Ka y 19 73; Timisjarvi et a l . 1984) 
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Table 5.20 
Total fat content (% live· weight) of different wild ungllatel. Some domestic ru~inants are included for comparison. h 
Species/breed 
Trooical (savannah). 
Topi ( 1 J 
Impala (1) 
Kob ( 1 J 
Thomson's gazelle (1) 
Grant's gazelle (1) 
Wildebeest ( 1 J 
Temoerate/sub-arctic. 
Norwegian reindeer (2) 
Red deer (3) 
(4) 
( 5) 
Mule deer (6) 
Chinese water deer (7) 
Fallow dee!:' ( 8 J 
North American elk (9) 
Roe deer (10) 
White-tailed deer (11) 
Arctic. 
Barren-ground caribou (12) 
Svalbard reindeer (13) 
Svalbard reindeer (14) 
Domest.:c. 
Cattle, Friesian (15) 
Jersey (15) 
Sheep, Scots Blackface (16) 
Texel (16) 
Clun ( 17) 
Southdown (17) 
\ fat 
1.0 D 
1. 2 D 
2.3 D 
2.8 D 
3.0 D 
3.9 D 
3 . 5 E 
4.5 O,E 
5.2 D 
5.7 E 
6.5 E 
6.9 D 
7. 1 E 
7.8 E 
8.3 E 
9.5 E 
13.5 D 
16.8 D 
28.7 D 
19 .8 D 
21.3 D 
14. 1 D 
14.9 D 
43.2 D 
45.5 D 
Ledger (1968) 
Ledger ( 1968) 
Ledger (1968) 
Ledger ( 1968 l 
Ledger (1968) 
Ledger ( 1968) 
Source 
Reimers et al . (1982) 
Blaxter et al. ( 197 4) 
Wallace and Davies (1985) 
Kay et al. ( 1981) 
Field et al. (1979) 
Pond and Mattacks (1985) 
Gregson and Purchas (1985) 
Field et al . (1980) 
Wiener (1973) 
Robbins, Moen and Reid (1974) 
Adamczewski (1986) 
this study 
Reimers et al. (1982) 
Butler-Hogg & Wood (1982) 
Butler-Hogg~ Wood (1982) 
Butler-Hogg & Whelehan (1984) 
Butler-Hogg & Whelehan (1984) 
Butler-Hogg (1984) 
Butler-Hogg (1984) 
A Mostly females. Values for males are mostly post-rut; the purpose of the Table is to compare the relative size of the energy reserves prior to winter , not the maximum fatness which different species can attain per se. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8 . 
9. 
10 . 
11 . 
12. 
13. 
14. 
15 . 
16 . 
17. 
D 
E 
Adult females (al l species), wild. 
Yearling males, domesticated but free-ranging, August. One 2 year old stag, captive, post-rut. Males, captive, post-rut(\ carcass weight). Yearling females, captive, autumn, (\ dressed weight ) . Females 12.5 years old. 
Two males & two females; mean of the fattest & thinnest, captive. Males aged 26 months, captive, pre-rut. Females 12.5 years old. 
Adult females, wild, February. 
Adult females, captive, autumn, (\ ingesta-free body weight). Females aged 14 years (n = 4), November, (island population). Females aged 14 years (n = 13), September and October. One 2 year old female, August. 
Steers aged 507 days (both breeds) . Rams aged 4.5 years (both breeds). Females and castrated males aged 415 days (both breeds). Dissectible fat. 
Chemically extractable fat . 
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and, apparently in some species at least, reducing fasting meta-
bolic rate (Argo and Smith 1983 ; Blaxter and Boyne 1982, Finch 
and King 1982, Silver et al. 1969), increases the time that they 
--
can survive on poor forage. 
Svalbard reindeer are no exception. They also depend prima-
rily on reducing their requirements for energy rather than on 
storing it. The most conservative estimate from the energy 
balanc e model showed that adult females could not survive, on 
average, more than 111 days (approximat e ly half of winter) 
without food, even were they neither to reproduce nor to perform 
any activity and if, as a consequence of starvation, their meta-
bolic rate was progressively reduced down to 60% of its initial 
value (Figure 5.9) . At the very least, therefore, they would 
need to have met, on average, not less than half their daily 
energy requirements by feeding. In reality, however, forage was 
likely to have contributed considerably more than this. Mature 
females stored enough energy to cover, on average, about 25% of 
their estimated requirements for one winter, not including the 
extra demands of gestation (Table 5 . 16) . Even the fattest indi-
viduals had only enough to meet about 33% of their needs (section 
5. 5. 2) . Hence, Svalbard reindeer must normally obtain most of 
their energy in winter from their food. 
Calves were no less dependent on winter forage. They were 
20% fatter than adults in autumn, despite having 32% less weight 
of fat, owing to the difference in body size (Tables 5.8) 
and might have survived about 127 days on their energy reserves 
alone (section 5.5.1). This is 14% long er than adults but the 
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calculation was made using adults' fasting metabolic rate (1.2 
-1 
W.kg , Appendix 6). It is well known, however, that metabolism 
declines with age in mammals (e.g. rats, humans: Kleiber 1961; 
sheep: Graham et al. 19 7 4) . The fasting metabolism of six month 
old lambs, for example, is about 20% greater than in adult ewes 
0.75 
and wethers (62.1 instead of 51.4 kcal/kg ARC 1980). The 
metabolism of Svalbard reindeer calves 5 to 12 months of age has 
not been measured. If, however, their specific metabolic rate 
were 20% greater than that of adult reindeer, like in sheep, 
then, given body weights of 29 and 63 kg (for animals aged six 
months and four years, respectively) their actual rate of heat 
-1 
production would be 47% greater (i.e. 1.76 W.kg ). In that 
case, the maximum potential survival time of calves would have 
been 92 days, i.e. 17% less than adults. 
Given that food was the reindeers' principal source of 
energy in winter and that it was scarce, minimising energy 
expenditure must have been of paramount importance for survival. 
It is not surprising, therefore, that reindeer devoted little 
time to energetically costly non-feeding activities (Table 3.4); 
these contributed less than 4% of their daily energy expenditure 
during winter. Corresponding estimates for female caribou in 
winter are 9% (Boertje 1985) and 11% (Fancy 1986). Deer lose 
heat faster when standing up than when lying down, especially if 
it is windy (Moen 1973:287) and temperate species may select 
areas of good shelter at the expense of better quality food and 
may also reduce the total amount of time they spend feeding when 
the weather is bad (Staines 1976, 1977 and references in these). 
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Svalbard reindeer spent no less time grazing than other reindeer 
and caribou (Chapter 3) but they are extremely well insulated by 
their thick coat*, They have a lower critical temperature of 
0 
-50 C in still air (Nilssen, Sundsfjord and Blix 1984; Nilssen 
1985) and the rate of heat transfer across their pelt appears to 
be affected little by wind (N.A.0ritsland, personal communica-
tion). It is quite likely, in fact, that they are not usually 
cold-stressed in winter and, assuming that this is the case, 
their total daily energy expenditure in winter (including all 
activity) would have been approximately 1.4 times the minimum 
(basal) value (which is the same as white-tailed deer in Florida 
in July! (Stevens 1970 in Moen 1973:358)). Corresponding values 
for female caribou in winter are 1.5 to 1.8 times the fasting 
metabolic rate (Fancy 1986). 
----------------------------------------------------------------~ 
* Svalbard reindeers' sub-cutaneous fat has little value as 
insulation. The triacylglycerols in it consist mainly of 
saturated fatty acids (Ringberg, Nilssen and Str~m 1980) and it 
becomes highly v i scous at room temperature (personal 
observation). Blubber, by contrast, consists mainly of unsat -
urated fatty acids (West et al. 1976a, b) and can cool to ambient 
(sea) temperature without losing its fluidity. Svalbard reindeer 
have to keep their adipose tissue warm to avoid it becoming 
0 
stiff . They maintain a skin temperature between +25 & +35 C even 
0 
at ambient temperatures of between -15 
0 
to +4 C (Ringberg, 
Nilssen and Str~m 1980), which emphasises their need for a good 
coat. 
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The most effective energy economy which mammals can practice 
is to reduce their metabolic rate (e.g. Tucker 1966). However, 
despite an earlier suggestion, based on measurements of blood 
levels of thyroxine, that the (fasting) metabolism of wild Sval -
bard reindeer might fali in winter (Ringberg 1979), recent 
studies by indirect calorimetry have found no evidence for this, 
at least in captive animals (Nilssen, Sundsfj o rd and Blix 1984). 
These authors concluded that Svalbard reindeer reduce their 
energy expenditure in winter only by minimising their activity 
and by increasing their insulation, in accordance with the 
general prediction for arctic mammals made by Scholander et al. 
(1950). It may be significant, nevertheless, that their fasting 
metabolism is normally below the interspecies mean 0.75 of 70M1, 
-I kcal.day (where M~ is body weight in kg) and is 17% less than 
that of red deer, the cervid with the next lowest fasting metabo-
lism (Table 5.21). 
To survive winter, a Svalbard reindeer would have to meet 
not less than about 75% of its energy requirements by feeding; in 
fact , most appeared to have done better than this . The net 
amount of energy that the survivors must actually have got by 
feeding can be calculated from the difference between their 
estimated requirements and changes in the size of their energy 
reserves. Thus, in the first part of winter (from autumn to 
April), mature females appeared to have burned enough fat to have 
covered only 17% of their energy requirements (Table 5.17); they 
must, therefore, have satisfied not less than 83% of their needs 
by feeding. (They may also have derived energy by oxidation of 
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Table 5.21: 
Fasting metabolic rate of different wild and domestic ruminants (all adults). 
Fasting metabolic rate 
0.1s 
_, (x Mr, kcal.day 
Sheep 
Svalbard reindeer 
INTERSPECIES MEAN 
Cattle 
Red deer 
Caribou 
Roe deer 
White-tailed deer 
Wildebeest 
Eland 
M : Body weight (kg). 
b 
48.6 w 
65.5 w,s 
70 
76 
79 Sp 
91 Sp 
94.6 w 
97.1 w 
104.3 
111. 2 
M males; C castrates; F females . 
W winter; Sp spring; S summer. 
Source 
F & C ( 1 ) 
F ( 2} 
( 3 ) 
( 4} 
F ( 5, 6} 
F ( 7 ) 
( 8} 
M & F ( 9) 
( 1 0 ) 
( 10) 
Sources: ( 1) Blaxter and Boyne ( 1982) ; ( 2) ( Ni lssen, Sunds fjord 
and Blix (1984); (3) Kleiber (1961); (4) ARC (1980: 97); (5) Brockway and Maloiy (1968); (6) Maloiy et al. (1970); (7) McEwan (1970); (8) Drozdz et al. (1973); (9) Silver et al. ( 1969); ( 10) Rogerson ( 1968). 
muscle protein; this, however, represented less than 7% of their 
total energy reserve and so is not included here). Moreover, 
pregnant females - appeared to have been able to meet virtually 
their entire daily energy requirement from grazing during the 
last two months of winter (Table 5.17). Food may have been in 
short supply in winter but this result suggests that the animals 
which survived must have been able, nevertheless, both to find 
and to eat large amounts of it, even in the hardest years. 
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Svalbard reindeer illustrate how ruminants, which have to 
feed continuously, have adapted to long periods of potential 
undernutrition principally by minimising energy expenditure 
rather than by increasing dependence on stored energy, like many 
monogastric species. Loss of weight in wild cervids during 
winter is still frequently regarded as diagnostic of under-
nutrition despite experimental evidence that this is not necess-
arily so (Kay 1985; Suttie and Simpson 1985; Ryg 1983) . It is 
perhaps misleading to regard the body weight of wild animals 
simply as the product of a precarious balance between energy 
intake and demands over which they have little or no contrcil (see 
King and Murphy 1985). Growth stasis and, to an even greater 
extent, loss of weight, has the effect of reducing an animal's 
daily energy requirements. This may be vitally important for 
ungulates in winter when food is not only scarce and of low 
nutritional quality but is also energetically expensive to 
acquire. The energy model described here shows that loss of 
weight could potentially result in a substantial reduction of the 
energy requirements of Svalbard reindeer during winter: by the 
end of May, for example, the daily energy expenditure of non-
pregnant females had fallen to only 58% of autumn (October) 
levels. 
The fat reserves of Svalbard reindeer appear to have two 
distinct roles. The different pattern of weight loss in 
pregnant and non-pregnant females suggests that free living 
Svalbard reindeer may be able to control the rate at which they 
lose weight in winter as do captive ones . The e xtent to 
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which loss of fat in the wild animals is due to voluntary 
reduction in food intake, as opposed to inanition, is not known; 
almost certainly it depends on the age, sex, social status and, 
especially, on the ability of each particular animal to feed and 
digest its food efficiently (Tyler 1986~). Nevertheless, 
the average rate at which reindeer draw on their fat reserves and, 
hence, lose weight may be normally carefully regulated, 
presumably by appropriate adjustments in appetite (see Ryg 1983). 
Hence, although Svalbard reindeers' energy reserves are large 
enough to make a significant net contribution to their total 
energy requirement during winter, it does not necessarily follow 
that they use them for this purpose. Assuming that the rate at 
which free living Svalbard reindeer lose weight in winter is 
indeed normally regulated intrinsically, then it follows, rather, 
that their fat perhaps serves principally as a crisis ration on 
which they can draw when needs be rather than a staple on which 
they depend. 
Pregnant females delayed mobilisation of their remaining fat 
reserves during the last two months of gestation (April and May) 
like certain temperate and tropical ungulates (see Tyler, in 
press). In Svalbard, where the spring melt can be delayed by 
up to one month, a large store of fat is likely to be especially 
important both for ensuring the survival of newborn calves and 
for promoting their growth. In pregnancy, therefore, Svalbard 
reindeers' fat reserves are used primarily for reproductive 
purposes, at least during the last two months of gestation and 
early lactation . 
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STATISTICAL TESTS. 
[1] Duration of skeletal growth in female Svalbard reindeer: 
defining the age of statistical maturity in length for three long 
bones. Kruskal-Wallis one way an~lysis of var iance. Hindfoot 
length : females >14 months old (n = 57), H = 5 .7, df = 13 , n . s. 
(P >0.5). Femur length: females ~14 months old (n = 53), H = 
16.4, df = 12, n.s. (P >0.1). Mandible length: females >25 
months old (n = 35), H = 6.56, df = 6, n.s. (P >0.3). Length of 
the posterior half of the mandible: females >25 months old (n = 
4 4) , H = 6 . 15, df = 7 , n. s. ( P > 0. 3) . 
[2] Body weight of calves in autumn: comparison of males and 
females. Mann-Whitney 'U' test; data from Table 5.4: U = 3.0, n 
1 
= 3, n = 5 , n.s . (P = 0 . 125) . 
2 
[3] Total body weigh t of adult females: comparison between 
collections within seasons. Analysis of variance. Autumns: 
F = 1.52, n.s. (P >0.05). Late winters: F = 1.53, 
[ 1 , 1 3 ] [2 ,29] 
n . s. (P >0.05) . 
[4] Total body weight of adult females in autumn: comparison of 
females aged 28 months (mean= 62.1 kg) and >50 months (mean= 
63 . 3 kg). Mann-Whitney 'U' test : U = 12, n = 2, n = 13, n.s. 
1 2 
(P >0.1). 
[5] Total body weight of adult females in autumn : comparison of 
lactating and yeld females. Mann-Whitney 'U' test ; data from 
Table 5.5: U = 10, n = 4, 
1 
n = 11 , n.s. 
2 
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( P > 0. 1). 
[6] Total body weight of adult females in late winter: compar-
ison of pregnant and barren females. Mann-Whitney 'U' test; data 
from Table 5.5: U = 24, n = n = 16, P <0.002. 
1 2 
[7] Body weight of adult females in late winter: comparison of 
the adjusted body weight of pregnant with the total body weight 
of barren females. Mann-Whitney 'U' test; data from Table 5.5: U 
= 66.5, n = n = 16, P <0.05. 
1 2 
[8] Body weight of adult females in late winter: comparison of 
the total and adjusted body weight of pregnant females. Mann-
Whitney 'U' test; data from Table 5.5: U = 69.0, n = n = 16, 
1 2 
one tailed P <0.025. 
[9] Relationship between rump fat depth and total dissectible 
fat in adult females: comparison of two different analyses 
(linear regression and a second degree polynomial). Analysis of 
variance: F = 4.26, two tailed P <0 . 025. 
[ 1, 25] 
[10] Relationship between rump fat depth and total dissectible 
fat in adult females : significance of the second degree poly-
nomial. Analysis of variance: F = 51.2, P <0 .001. 
[ 1 , 2 5 ] 
[11] Relationship between total dissectible fat in autumn and 
reindeers' age in whole years. Spearman's rank correlation 
coefficient : females >2 yrs, r = -0 .58, n = 15, 0.01< P <0.05; 
s 
females > 4 yrs, r = -0.35, n = 13, n . s. (P >0.05); lactating 
s 
females, r = -0.64, n = 11, 0;01< P <0.05. 
s 
(12] Relationship between reindeers ' fatness (fat index values) 
in autumn and their age in whole years. Spearman's rank carrel-
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ation coefficient: females ~2 yrs, r = -0.67, n = 15, P <0.01; 
s 
females> 4 yrs, r = -0.37, n = 13, n.s. (P >0.05); lactating 
s 
females, r = -0.68, n = 11, 0.01< P <0.05. 
s 
(13] Fatness in autumn and late in winter: comparison of fat 
index values between reindeer from different age classes. Mann-
Whitney 'U' test. AUTUMN: calves and females 4 years and older, 
U = 16, n = 8, n = 11, P <0.05; calves and 2 year old females, 1 2 
U = 16, n = 2, n = 8, n.s. (P = 0.089). 2 years olds were 
1 2 
fatter than females ~4 years old: there was no overlap between 
the range of index values in the two groups. LATE WINTER: 2 year 
old females and females 4 years and older, U = 20, n = 3, n = 
1 2 14, n.s. (P >0.05). Surviving adults were fatter than surviving 
calves in May: there was no overlap between the range of index 
values between the two groups. 
(14] Age distribution of different collections of reindeer: com-
parison of samples shot in Autumn and in May (females ~4 years 
old). Mann-Whitney 'U' test: U = 91, n = 13, n = 16, n.s. 
1 2 (P >0.05). 
(15] Relationship between fatness (fat index values) and rein-
deers' age (in whole years) in late winter (April and May). 
Spearman's rank ~orrelation coefficient : females >2 years old, r 
= -0.51, n = 26, P <0.01. 
s 
(16) Age distribution of different collections of reindeer : com-
parison of samples shot in April and May (females ~3 years old). 
Mann-Whitney 'U' test : U = 44.5, n = 6, n = 16, z = -0.26, n.s. 
1 2 (two t ailed P = 0.199). 
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[17] Fat reserves of adult females (~3 years old) in late winter: 
comparison of animals shot in April and May (both years corn-
bined) . Mann-Whitney 'U' test. 
n.s. (P >0.05); TDF: U = 55, n 
1 
FI: U = 49.5, 
= 10, n = 16, 
2 
n = 10, n = 14, 
1 2 
n.s. (P >0.05). 
[18] 10 females aged ~3 years old were killed in April 1981; 6 
pregnant and 4 non-pregnant. Four sets of incisor teeth from 
these (two from each group) were lost during processing. Inspec-
tion of the state of eruption of the mandibular molar teeth from 
these specimens confirmed that they had been aged >3 years old. 
Exact ages, however, could not be assigned. Hence it was not 
possible to compare the age distribution of the two groups (preg-
nant and barren) or to reject the possibility that the similarity 
in fatness between them was not really due to differences in age. 
[19] Fat reserves of adult females (~3 years old) in April: 
comparison of pregnant and non-pregnant females. Mann - Whitney 
'U' test. TDF: U = 10, n = 4, n = 6, n.s. (P >0.05); FI: U = 
1 2 
14, n = 4, n = 6 , n.s. (P >0.05). 
1 2 
[20] Age distribution of different collections of reindeer: corn-
parison of pregnant and non-pregnant reindeer shot in May 
(females ~4 years old). Mann -Whitney 'U' test : U = 15.5, n = 7, 
1 
n = 9, z = -1.11 , n .s. (two tailed P = 0 . 087) . 
2 
[21] Fat reserves of adult females (~3 ye~rs old) in May: corn-
parison of pregnant and non-pregnant females . Mann-Whitney 'U' 
test. TDF: U = 2-, n = 7, n = 9, P < 0.01; FI: U = 1 , n = 6, n 
1 2 1 2 
= 8, P <0.001. 
226 
I I 
(22] Growth of skeletal muscles in Svalbard reindeer: defining 
the age at which muscles reach statistically mature maximum 
(autumn) dry weight. Kruskal-Wallis one way analysis of vari-
ance. M. semitendinosus: females >16 months old (n = 13), H = 
16.86, df = 7, P <0.02; females ~28 months old (n = 10), H = 
6.49, df = 6, n.s. (P >0.3). tl• gluteobiceps: females >16 months 
old (n = 17), H = 13.9, df = 9, n.s. (0 .2> P >O.l); females >28 
months old (n = 15), H = 1.69, df = 8, n.s. (P >0.9). 
(23] Relationship between the amount (weight) of skeletal muscle 
in female reindeer relative to body (skeletal) size in autumn 
(muscle index values) and their age in whole years. Spearman's 
rank correlation coefficient. Females aged 0-12 years old: M. 
semitendinosus, r = -0 .19, n = 16, n.s. (P >0.05); M. gluteo-
s 
biceps, r = 0.32, n = 17, n.s. (P >0 .05). 
s 
(24] Relationship between the amount (weight) of skeletal muscle 
in female reindeer relative to body (skeletal) size in late 
winter (muscle index values; April and May) and their age in 
whole years. Spearman's rank correlation coefficient. Females 
aged 0-12 years old: tl• semitendinosus, r = -0 .30, n = 21, n .s. 
s (P >0.05); M. gluteobiceps, r = -0 .19, n = 25, n.s. (P >0.05). 
s 
[ 2 5] Effect of reproduction on the amount (weight) of skeletal 
muscle relative to body (skeletal) size in female reindeer: 
comparison of muscle index values between breeding and non-
breeding females aged ~2 years old . Mann-Whitney 'U' test. 
Lactating and yeld females in autumn: tl• semitendinosus; U = 8.0, 
n = 4, 
1 
n = 7, _n. s. 
2 
(P = 0 .16); tl• gluteobiceps; U = 29, 
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n = 10, n.s. (P >0.1). 
2 
Pregnant and non-pregnant females in 
April: M. semitendinosus; U = 19.0, n 
1 
= 6, n = 7, n.s. (P 
2 
>0.1); M. gluteobiceps; U = 15, n = 5, 
1 
n = 7, n.s. (P = 0.38). 
2 
[26] Effect of reproduction on the amount (weight) of skeletal 
muscle relative to body (skeletal) size in female reindeer : 
comparison of muscle index values between pregnant and non-
pregnant females aged ~2 years old in May. Mann -Whitney 'U' 
test. tl• semitendinosus ; U = 3.0, n = n = 6, P = 0.032); M. 
gluteobiceps; U = 29, n 
1 
= n = 6, 
2 
1 2 
P = 0.032). 
[27] Fat reserves of adult females (~3 years old) late in wiriter: 
comparison of the mean fat index values of pregnant and non-
pregnant females in april and pregnant females in May. Kruskal-
Wallis one way analysis of variance: H = -0.051 , df = 2 , n .s. (P 
) 0, 9 5) , 
11 I 
[28] Relative size of skeletal muscles in two samples of reindeer 
shot in winter: comparison of muscle index values (MI) between 
females aged >2 years old shot in April and in May. Mann-Whitney 
'U' test . M. semitendinosus, (mean MI: April= 3.03, May= 2.56), 
U = 30.5, n = 12, n = 13, P <0 . 01 . tl, gluteobiceps, (mean MI: 1 2 
April= 8.64, May= 7.60), U = 32, n = n = 12 , P <0.01. 
1 2 
[29] Relative size of skeletal muscles in adult female reindeer 
(~2 years old) late in winter: comparison pf mean muscle index 
values of pregnant and non-pregnant females in april and pregnant 
females in May. Kruskal-Wallis one way analysis of variance. M. 
semitendinosus ~ H = 12 . 79, df = 3, P <0.01. 
1 . 05 , df = 3 , n.s. (P >0.5). 
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Chapter 6 
CAUSES OF MORTALITY 
INTRODUCTION 
Natural mortality was the principal factor which limited the 
abundance of reindeer in Adventdalen, accounting for 46% of all 
losses (Table 4.17): the majority (87.2%) of deaths, moreover, 
occurred late in winter (Figure 4.3). The temporal pattern of 
mortality, together with the large variation in rates of mort-
ality between years (Table 4.14), suggested, moreover, that the 
most common cause of death was starvation. The implication of 
this is that, assuming that the average amount of food available 
~ capita in a given year was a function of the number of 
animals present, then rates of mortality were unlikely to have 
been independent of population density within years despite the 
fact that there was no simple density dependent relationship in 
mortality across them (Figure 4.9). 
Compe~ition for food, however, was evidently not the only 
factor which influenced survival. Large differences in age-
specific rates of mortality (Figure 4.6) showed, for example, 
that old adults -were less likely to survive winter than younger 
ones and calves suffered much higher rates of mortality than 
adults (Table 4.14). Reimers (1983a) suggested that differences 
in age-specific rates of mortality in adult Svalbard reindeer 
might be associated with age-specific differences in the size of 
fat reserves. Alban (1983) found a significant inverse relation-
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ship between the mean age-specific weight of kidney fat in autumn 
and age-specific rates of mortality in winter in lactating red 
deer Cervus elaphus. Such a relationship, however, is not 
necessarily causal; fat may be an important source of energy for 
deer in winter but it is not the principal one (Chapter 5). 
Ungulates live off forage, not fat. Individual differences in 
the ability to find food, or actually to feed, therefore might be 
expected to have an important effect on survival. 
Tooth attrition has often been suggested as a factor which 
might influence condition and survival in deer, e.g. red deer 
(Clutton-Brock, Guinness & Albon 1982, Lowe 1969; Mitchell, 
Mccowan & Parrish 1973), reindeer (de Bie & van Wieren 1980; 
Leader-Williams 1980) and wapiti Cervus elaphus canadensis (Flook 
1970). Ruminants need good teeth both for gathering and grinding 
their food. Premature loss of permanent teeth has a debilitating 
effect on the performance of domestic sheep (Gunn 1970); ewes 
with poor teeth eat less (Newton & Jackson 1983). Leader-
Williams (1980c) found that reindeer affected with dental abnorm-
alities (mandibular swellings caused, probably, by infection by 
Actinomyces spp.) had significantly lower body weight or con-
dition than healthy animals. No quantitative study, however, has 
been made of the effect of tooth wear on physiological condition 
or survival in wild ungulates. 
The aims of this chapter are 1) to determine the causes of 
death of Svalbard reindeer, 2) to measure the e x tent of wear on 
their molariform teeth and 3) to compare age-specific patterns 
of variation in (a) the fat content of females in autumn and (b) 
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the condition of their molariform teeth with age-specific 
patterns of mortality. 
METHODS 
6.1 CAUSES OF DEATH 
6 . 1 . 1 Examination of carcasses . 
Each carcass (section 2.1) was examined superficially for signs 
of trauma. Animals with broken bones found lying at the bottom 
of cliffs were assumed to have fallen off those cliffs; carcasses 
with broken bones found lying on open ground were recorded 
separately . Adult males found dead with hard antlers (i.e. which 
must have died between September and December; Table 4 . 2) but 
whose carcasses showed no superficial sign of trauma were assumed 
to have been killed during, or died soon after, the rut. Some 
animals had obviously been poached: typically all that remained 
of these was the skull and skin, usually with the metatarsi & 
metacarpi and feet still attached . The mandible of each carcass 
was dissected , rough~fleshed and air dried prior to examination 
of the teeth (section 6.1.2) . 
to t he nearest 0 . 1 kg . 
6 . 1 . 2 Tooth wear . 
All intact carcasses were weighed 
Rough-fleshed mandibles from carcasses and shot reindeer were 
soaked in hot water for several days to loosen all remaining soft 
tissue , scrubbed clean with stiff-bristled brushes and then air-
231 
dried thoroughly. The degree of wear of one first mandibular 
molar, ml (normally the most worn tooth), from each reindeer was 
quantified using a dimensionless index (Figure 6.1): 
2 
Tooth wear index= 1 - [(h / 1) / 1pm] 
where, 
h = height of ml from the rim of the alveolus to 
the lingual margin of the anterior cusp, 
l = length of ml, measured along the lingual rim 
of the alveolus, 
1pm = length of the premolar row, measured lingual 
from the anterior rim of the alveolus of p2 to 
the posterior rim of the alveolus of p4. 
m1 
Bu~ Posterior 
~ 
Anterior P 1 Lingual 
INDEX = 1- [Ch '/l)/lpm] 
Figur e 6 . 1 
Molariform too t h wear index f o r re i nde e r (s ee section 6 . 1 . 2). 
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The index includes the square of tooth height because although 
wear is measured in terms of tooth height (a linear dimension), 
presumably it is changes in grinding surface area which are of 
functional significance for the animal. The lengths of ml and 
the premol a r row were included to control for individual differ -
ences in the size of teeth and length of the jaw . The total 
length of the jaw bone would have been a better measure but many 
of the mandibles had been chewed by foxes and others were broken; 
length of the premolar row was the greatest definable length 
which could be measured on all the specimens. 
6.2 ANALYSIS OF DATA 
Non - parametric statistics (Siegel 1956) were used throughout. 
Weights of reindeer found dead and shot late in winter were 
compared using Mann-Whitney 'U' tests. Age and sex differences 
in the proportion of reindeer dying of particular causes were 
examined using Chi-squared one sample tests . Association between 
reindeers' a ge (in whole years) and tooth wear index values was 
measured using Spearman's rank correlation procedure. The 
significance of age - specific differences in body composition (fat 
i ndex values ; see section 5 . 2 . 1 ) were tested using Mann- Whitney 
' U' tests . Tooth wear index values of reindeer which starved to 
death in winter and which were shot were compared using Mann-
Whitney 'U' tests . 
level in all cases . 
The null hypothesis was rejected at the 5% 
233 
I, 
RESULTS 
6.3 MORTALITY 
6 . 3 . 1 Proximate causes of mortality. 
Five hundred and fifty-one reindeer were recorded to have died in 
Adventdalen during this study (sections 4.5.2 & 4.5.3). The 
proximate cause of death was evident in 101 cases (18.3%), listed 
in Appendix 7. Nine of the remaining 450 animals died in summer: 
one adult mal e was shot after showing unusually aggressive 
behaviour (in August) and was subsequently diagnosed as having 
rabies (0degaard & Krogsrud 1981); there were three cases of 
early post-natal calf mortality (making a total of six; Table 
4.9) and five cases (two adult males, one adult female and two 
calves) in which the cause of death was unknown. Six animals 
(one adult male, four adult females and one sub-adult) died in 
autumn or early winter and there were three cases in which 
neither the sex or age of the animal nor the season of death 
could be determined. 
Four hundred and thirty-two cases (201 adults and yearlings, 
222 calves and 5 unidentified) remained; all these animals had 
died late in wi~ter (Chapter 4) but there was no sign of trauma 
in any of them. Sixteen of these were found intact and were 
weighed. Animals found dead in late winte~ almost invariably 
weighed less than those shot at the same time of year (Table 
6 . 1 ) . The difference was highly significant in calves [l]; there 
were too few data to make statistical comparison of adult males 
or adult females. Nevertheless, the total body weight of those 
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Table 6.1 
Total body weight (kg) of reindeer shot in autumn and late winter 
and of reindeer found dead late in winter: comparison of means. 
Adult males 
Adult females 
Calves (M & F) 
1 1 2 
Autumn Late winter Found dead % weight loss 
kg 
86.6 
63.3 
37 . 2 
n 
4 
15 
8 
kg 
56.7 
44.5 
23.6 
n kg 
12 49.3 
16 37.5 
3 ** 19.9 
n 
2 
1 
13 
E 
34 . 5 
29.7 
36.3 
0 
43.1 
40.8 
46.2 
1 Data for shot females and calves from Table 5.6; data for shot 
males (E.Reimers, personal communication): autumn values are 
post rut. 
2 Not including animals which died after falling over cliffs . 
E Expected weight loss (from the difference between the seasonal 
mean weights of shot samples). 
0 Weight loss observed in animals found dead (from the 
difference between autumn mean weights and the mean weight of 
reindeer found dead). 
** P <0 . 02 (1) . 
found dead was approximately 40% lower than mean weights of 
animals shot in autumn compared to approximately 30% lower in 
animals shot late in winter (Table 6.1). None of those found 
dead had subcutaneous deposits of fat over the back or rump . I 
concluded that they had starved to death and that starvation was 
the cause of death of all 432 reindeer which died late in winter . 
The proximate causes of death of all 551 reindeer are listed 
in Table 6 . 2 . Twenty-one adults and yearlings and 7 calves died 
as a result of injuries sustained after falling over cliffs ; this 
was thu s the second most important cause of natural mortality 
a f te r starvation . Interesting ly , a si gnificantly larger 
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Table 6.2 
Causes of death of reindeer in Adventdalen 1978/79 to 1983/84 . 
Adults & yearlings Calves 
Cause M F u M F u u Total % 
Late winter mortality . 
N 
A Starved 95 96 11 27 26 168 9 428 83 . 3 
T Cliff fall 17 4 2 5 28 5.4 
u Broken bones 3 1 4 0.8 
R 
A 
L Summer & early winter mortality. 
M Rut 15 15 2.9 
0 Unknown 3 5 1 1 1 3 14 2.7 
R Perinatal 1 5 6 1. 2 
T Tangled in wire 5 1 6 1. 2 
A Killed by dogs 1 1 1 1 4 0.8 
L Broken bones 2 1 3 0 . 6 
I Rabies 1 1 0.2 
T Died giving birth 1 1 0.2 
y 
Total 139 112 13 31 27 180 12 514 99.3 
-----------------------------------------------------------------
Shot legally 17 14 1 32 
Poached 2 3 5 
TOTAL 158 126 17 31 27 180 12 551 
M: males; F: fe~ales; U: Unidentified . 
proportion of adults and yearlings (8.4%) died this way compared 
to calves (2.9%) [2]. A significantly larger proportion of 
adult and yearling males (12.2%, n = 17) died after falling over 
cliffs compared to adult and yearling females (3.6%, n = 4) [2]. 
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Ot There was no significant difference between the proportion{adult 
and yearling females and calves which fell over cliffs [2] but 
the difference between the proportion of adult and yearling males 
and calves was highly significantly different [2] . 
The third most important cause of mortality (in males) was 
fighting. Of 15 rut casualties (Table 6.2), four animals, two 
pairs, died after their antlers had become interlocked. 
6.3.2 Tooth wear. 
Tooth wear was normally measured on the left ml. Twenty-one 
adult male mandibles were picked at random and tooth wear was 
measured on both left and right ml teeth. There were no 
significant differences in wear index values between left and 
right sides [3] . 
The extent of wear on the first mandibular molar increased 
linearly with age up to eight or nine years in females but 
leveled off thereafter (Figure 6 .2): there was no significant 
association between age at death and tooth wear index values in 
females aged nine years or older [4]. There were too few speci-
mens to examine the relationship between tooth wear and age in 
males aged eight or less years old. However, in contrast to 
females, there was a significant increase in tooth wear index 
values in males aged nine yeara and older [5]. 
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Figure 6.2 
Relationship between age and tooth wear on the fir s t mandi bular 
mo l ar tooth in female Svalbard reindeer. 
6.3.3 Relationship between body composition and mortality. 
Females were f~ll grown at three years (section 5.4.1) but 
suf f ered no substantial mo rtality before the age of eight years 
(Figure 4.7). Females aged four to seven years old (inclusive) 
were significantly fatter in autumn than females aged eight years 
and older (4 to 7 yrs: mean autumn TDF = 11.6 kg+ 1.7 (SD), mean 
fat index= 10.7 + 1.8 (SD); > 8 yrs: mean autumn TDF = 9.2 kg+ 
2.9 (SD), mean fat index= 8.5 + 2.6 (SD) [6]) but there was no 
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sign of a marked decline in fatness at eight years corresponding 
with the sharp rise in the age-specific rate of mortality (Figure 
5. 7) . 
6.3.4 Relationship between tooth wear and mortality. 
All adult reindeer which starved to death had badly worn molar 
teeth. Tooth wear index values for shot females ranged from 0.70 
(least worn) to 0.98 (most worn) but index values for females 
which had starved to death ranged from 0.88 to 0.98 (Figure 6.3). 
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TOOTH WEAR INDEX ON m1 
(increasing wear - ) 
Figure 6.3 
Frequency distributions of molariform tooth wear index values in 
female Svalbard reindeer found starved to death in Adventdalen 
and females which were sho t. 
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The shot sample included animals from the age of two to fifteen 
years old while the youngest starved females were seven years 
old. However, the difference between the frequency distribution 
of tooth wear in the shot and starved samples was not due simply 
to differences in age distribution: the first mandibular molars 
of adult females which had starved to death were significantly 
more worn than those of females of the same age which had been 
shot (Figure 6.4) [7]. There was not sufficient overlap between 
the age distribution of carcasses to compare age-specific tooth 
wear between the sexes. However, the ml of males aged eight and 
nine years old which had starved to death tended to be less 
severely worn than ml teeth of starved females of the same age 
(Figure 6.5). 
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Figure 6.4 
Effect of tooth wear on survival: the first mandibular molar 
teeth of reindeer which starved to death were significantly more 
worn than those of animals of the same age which were shot . The 
graph illustrates the relationship between age and tooth wear 
index values (measured on ml) in female Svalbard reindeer aged~ 
7 seven years . Each point represents one reindeer. Solid 
circles: females which were shot . Open circles: females which 
starved to death. The distributions for each group are signif-
icantly different (P = 0.029, [7]) . 
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Figure 6.5 
Tooth wear and survival: sex differences. The first mandibular 
molar teeth of male Svalbard reindeer which had starved to death 
tended to be less worn than those of starved females of the same 
age. The graph illustrates the re l ationship between age and 
tooth wear index values (measured on ml) in starved male and female Svalbard reindeer aged~ 7 seven years. Each point represents 
one reindeer. Open circles: females. Solid circles: males. 
DISCUSSION 
Seventy-seven percent of adult and 94% of calf deaths in 
Adventdalen were due to starvation in winter (Table 6.2). The 
prevalence of starvation among the different causes of mortality 
in Svalbard reindeer (Table 6 .2 ), is unique . among Rangifer . 
Predation (and hunting) is a principal cause of death among 
adults in virtually all other wild populations (Bergerud 1980; 
e.g. reindeer: Karlsen 1978; Thing and Clausen 1980; Tjernberg 
1981, caribou: Bergerud 1971; Eide and Ballard 1983; Gasaway et 
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al. 1983; Miller and Broughton 1974; Parker 1972). No predation 
was recorded in Adventdalen, however, despite the presence of 
both arctic foxes and polar bears. Reimers (1983a} obtained 
similar results in a study of Svalbard reindeer on Edge~ya, 
concluding that 89.8% of deaths (N = 226) there were due to 
starvation. 
One of the few other free-living populations of Rangifer 
which suffers neither predation nor is hunted and with which, 
therefore, results from Svalbard may be compared directly, exists 
on South Georgia (Leader-Williams 1980a}. Interestingly, there 
are several differences in the prevalence of different causes of 
death among Svalbard and South Georgia reindeer; one, the low 
incidence of early postnatal mortality in Svalbard, was discussed 
in Chapter 4. Deaths resulting from injuries sustained after 
falling over cliffs were more common in South Georgia than in 
Svalbard: Leader-Williams (1980b} attributed the cause of death 
of 12% of adult and yearling carcasses and 23% of winter calf 
carcasses on South Georgia to falls, although he believed that 
these figures underestimated the true values. Corresponding 
values in Adventdalen were 8.0 and 2.9%, respectively (Table 
6 . 2 } • It was not clear why calves on South Georgia were so prone 
to this kind of accident. 
In Svalbard, a significantly higher proportion of adult 
males died as a result of falling over cliffs than adult females 
(section 6.4.1). All these males died late in winter, after they 
had shed their antlers. It was suggested in Chapter 5 that 
possession of antlers might result in preferential access to 
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forage late in winter. Sex differences in the incidence of cliff 
falls might, therefore, be due to (antlerless) males being driven 
from the best feeding sites by antlered females and being forced, 
instead, to feed in places which reindeer normally avoided (e . g. 
brinks of plateaux) . Males are found higher in the terrain than 
females in late winter (Tyler 1986b) but it is not known whether 
they tend to feed on more exposed sites. Leader-Williams (1980b) 
did not examine sex differences in cliff fall casualties in his 
study. 
The incidence of male mortality early in winter was lower in 
Svalbard than in South Georgia reindeer. Sixty-eight percent of 
mortality among South Georgia males occurred soon after the rut 
(Leader - Williams 1980b) compared to 15.8% (n = 22) in Svalbard 
(Figure 4 . 3). Leader-Williams (1980b) concluded that winter food 
shortage was either less significant in male mortality, compared 
to females , or that its effect was more quickly apparent after 
the stress of the rut . The total body weight (TBW) of adult male 
Svalbard reindeer declines, on average, 30% during the rut (late 
August mean TBW = 123.6 kg, n = 3; mid October mean TBW = 86.6 
kg, n = 4 . E.Reirners and H.Staaland, personal communications). 
Loss of weight in males cervids during the rut, however, is due 
both to mobilisation of fat and a decline in gut fill owing to 
temporary anorexia (Dauphin~ 1976; Mitchell et al. 1976; Wallace 
and Davies 1985). It is not known what proportion of total body 
fat male Svalbard reindeer use up during the rut so it is not 
possible to suggest wh y these might have been less susceptible to 
the effects of food shortage than South Georgia males . 
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The prevalence of pathological conditions was very low among 
Svalbard reindeer, in contrast to South Georgia. One adult male 
in Adventdalen was diagnosed as having rabies, making a total of 
three cases (0degaard and Krogsrud 1981) confirmed to 
date in Svalbard. The disease must thus be considered a rarity 
in Svalbard, as it is among reindeer and caribou in Alaska 
(Dieterich 1985), although, unfortunately, no detailed post-
mortem examination was conducted on fourteen animals found dead 
in summer. These 'unknown' summer deaths, however, represented 
less than 3% of natural mortality (Table 6.2). Leader-Williams 
found little disease or infection among South Georgia reindeer 
with one notable exception: up to 30% of carcasses there had 
severe mandibular swellings which he considered were an important 
contributory cause of death (Leader-Williams 1980b, 1980c, 1982). 
No such swellings were found in dead reindeer in Adventdalen. 
Skin warbles Oedemagena tarandi and throat warbles 
Cephanomyia trompe, which represent a major health problem in 
mainland populations of Rangifer (Dieterich 1985; Skjenneberg and 
Slagsvold 1968) , are present neither in Svalbard nor South 
Georgia. Svalbard reindeer, however , are host to six species of 
abomasal nematodes in contrast to South Georgia reindeer in which 
only one species of nematode has been been found in the abomasum 
(Bye and Halvorsen 1983; Leader-Williams 1980d). Levels of 
infestation in Svalbard reindeer, moreover, are very high (mean= 
10 OOO adult nematodes per abomasum in adults) compared both with 
semi-domesticated reindeer in Norway (mean= 2 OOO nematodes per 
abomasum) and other cervids (Bye and Halvorsen 1983; Halvorsen 
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and Bye 1985). Some individuals have been found with worm 
burdens in excess of 18 OOO, a level at which the performance and 
life expectancy of the host is likely to be affected (Bye and 
Halvorsen 1983). Despite these hi~h levels of infestation, 
however, Halvorsen and Bye (1985) concluded that parasites 
probably represented a contributory rather than an ultimate cause 
of death in Svalbard reindeer. 
The absence of predation and disease supports the conclusion 
that the majority of animals died from starvation (section 
6 . 4 . 1 ) . This finding has considerable implication for 
interpreting the mechanics of population growth and the 
limitation of numbers described in Chapter 4. Assuming both that 
the amount of food~ capita in a given winter was a function of 
the number of animals present and that the animals competed for 
food, it follows that the rate of mortality in a given winter 
must have been a function of population density. 
explored further in Chapter 7. 
This is 
What was the reason for large differences in age-specific 
rates of mortality; why were old adults more likely to starve to 
death than young ones? The stomachs of many of the animals which 
had died from starvation contained large amounts of undigested, 
fibrous material (something which has been observed in other 
starved ungulates , e . g. wildebeest Connochaetes taurinus, Child 
1972; elephants Loxodonta africana, Parker 1983) . This suggests 
that death from starvation was not necessarily simply a 
consequence of not finding enough to eat . Individual differences 
in survival during a given period of food shortage might have 
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been due in large part to the efficiency with which food was 
cropped, masticated and digested. 
Wear of molariform teeth increased with age and the onset of 
mortality in females (at eight years old; Figure 4.6) corres -
ponded with tooth wear indices reaching 0.83 (Figure 6.2). The 
teeth of females which starved to death were more severely worn 
than those of the same age which were shot. Most starved 
animals, moreover, had wear index values in excess of 0.90 
(Figure 6.4) . Teeth with this score were very badly worn. In 
most cases infundibuli between the anterior cusps and between the 
posterior cusps of ml were reduced to small islands of enamel 
surrounded by an expanse of dentine, or were missing altogether. 
The cheek teeth of ruminants are hypsodont (high crowned) 
precisely to withstand continual abrasion without loss of 
function (Janis 1984) but it is the enamel, not the dentine, 
which serves as the cutting/shearing surface of herbivores' 
teeth (Maglio 1973). Once the crowns have been worn away all 
that is left is a block of dentine encased within a thin peri-
meter of enamel . Such teeth, lacking enamel ridges, presumably 
function poorly . 
The importance of efficient mastication has been 
demonstrated indirectly in both wild and domestic ruminants. 
Cattle eat less when fed bulky, low quality roughage, than when 
the same ration is finely grou nd (Campling and Freer 1966); elk 
Cervus canadensis eat more alfalfa when it is pelleted than 
when it is baled (Dean et al. 1980) . Sheep eat less when their 
jaw-movements are restricted artificially during rumination 
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(Pearce and Moir 1964). In the case of both cattle and sheep the 
animals' voluntary intake of food was thought to have been 
limited by the rate of passage of digesta out from the reticulo-
rumen which itself depends mainly on the specific gravity of 
particles (Campling and Freer 1960) . Thus, low rates of 
fermentation and high retention time of digesta may play at least 
as important a role in death from starvation as lack of anything 
to eat. Conceivably, therefore, reindeer whose molariform teeth 
are in good condition are able to masticate coarse winter forage 
better, pass the digesta through the gut more rapidly and, hence, 
eat more and survive better than those whose teeth are badly 
worn. This might explain why, age for age, reindeer with the 
worst molariform teeth survived less well. 
What about incisiform teeth? Might old animals have also 
suffered declining ability to crop forage efficiently? The 
incisiform teeth of most dead adults were worn to such an extent 
that all that remained of the incisor row was eight flat stumps, 
flush with the gum, often with the pulp cavity of both il and i2 
teeth e x posed. This contrasts remarkabl y with the pattern of 
wear in red deer Cerv us elaphus : in these the incisors persist 
spatulate even in animals aged ~15 years whose molariform teeth 
show chronic att r ition similar to Svalbard reindeer (see Mitchell 
et al. 1977, plate 10) . The different pattern of wear in the two 
species might be due to differences in the physical structure of 
their winter forage. Highland red deer eat large amounts of 
Be t ula and Calluna , both erect plants , and Pinus sylvestris in 
winter (Mitchell et al. 1977) . Svalbard reindee r , in cont r ast , 
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not only eat postrate plants such as Dryas octapetala and Salix 
polaris, which entails cropping less than 1 cm off the ground, 
thus increasing the likelihood of ingesting soil and sand, but 
also they gnaw crustose lichens from rocks (Plate 5). Crustose 
lichens are usually not more than about 3 mm thick and they 
attach themselves to the rock surface astonishingly firmly by a 
process which results in particles of rock becoming incorporated 
into the thallus (Walton 1985). Presumably they have to be 
chiseled rather than bitten off, which might account for the 
severe wear on the reindeers' incisiform teeth. Clutton-Brock et 
al. (1982) 'often found that [red deer hinds which showed a] 
sudden decline in condition had broken an incisor'. Svalbard 
reindeer, however, are not overtly disabled by the loss of their 
incisors: several middle aged (five to seven years old) females 
shot in autumn and both in good condition and with calves at foot 
had what appeared to be no functional incisors just like the 
older, dead animals. 
An alternative explanation for reduced survival among Sval-
bard reindeer aged seven years and older is that there exists a 
threshold fatness above which the animals were safe from starv-
ation. Females aged one to seven years old (inclusive) had ten 
or more kg dis~ectible fat in autumn and suffered negligible 
mortality; most females aged eight years or older, by contrast, 
had less than ten kg dissectible fat in autumn (section 6.4.3) 
and many died. However, the only natural situation in which 
there is likely to be a direct causal relationship between 
initial fatness and survival is when animals eat nothing at all 
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(see 0ritsland 1977); for example, with seals during the combined 
pupping and mating season (King 1983). Svalbard reindeer clearly 
rely heavily on feeding to survive winter, despite their large 
reserv es of fat in autumn (Chapter 5). Hence, the minimum amount 
of fat with which a reindeer can survive winter must depend on 
how much food it can find , eat and digest. Consequently, the 
decline in autumn fatness with increasing age is likely to be 
sufficient b y itself to e xplain the pattern of mortality only if 
all adult reindeer had the same rate of food intake (relative to 
their requirements). This is most unlikely to have been the 
case. An individual whose teeth are in good condition is likely 
to be able to eat more and, consequently, to need less fat than 
one whose teeth are badly worn. Thus, it does not necessarily 
follo w that reindeer with less than ten kg dissectible fat 
suffered increased rates of mortality because their reserves were 
too small~ se. Indeed, low fat content in autumn, other 
things being equal, might itself be indicative of reduced feeding 
efficiency. 
STATISTICAL TESTS 
[1] Comparison of the total body weight of reindeer calves found 
dead between February and May and calves shot in May. Mann-
Whitney 'U' test: n = 3, n = 13, U = 1, two-tailed P <0.02. 
1 2 
[2) Age and sex differences in mortality: comparison of the 
proportion of different age/sex classes which died as a result of 
falling over cliffs; Chi-squared one sample test . Adult & y ear-
249 
2 
ling males vs adult and yearling females: j(.. = 5.18, P <0.05. 
2 
Adults and yearlings (both sexes) vs calves: -X. = 5.36, P <0.05. 
(3) Comparison of tooth wear index vales on left and right 
mandibular first molars (adult males). Wilcoxon matched-pairs 
signed-ranks test: n = 21, T = 60, P (two tailed) <0.05. 
(4) Effect of age on molar tooth wear in female reindeer: 
correlation between age at death and tooth wear index values in 
animals aged nine years or older. Spearman's rank correlation 
coefficient: r = -0.12, df = 35, t (one tailed) = -0.715, ns (P 
s 
> 0 . 1 ) . 
(5) Relationship between age and molar tooth wear in male 
reindeer: correlation between age at death and tooth wear index 
values in animals aged nine years or older . Spearman's rank 
correlation coefficient: r = 0.42, df = 27, t (two tailed) = 
s 
2.42, 0.02< P <0.05. 
(6) Body composition and mortality: comparison of autumn fat 
index values between females aged 4-7 years old and females aged 
8 years and older. Mann - Whitney 'U' test: n = 6, n = 7, P 
1 2 
>0.05. 
[7] Effect of molar tooth wear on survival: comparison of tooth 
wear index values between female reindeer (aged ~9 years old) 
which starved to death in winter and which were shot . Mann-
Whitney 'U ' test: U = 127.5, n 
1 
0.029. 
= 13, n = 31, z = -1.90, P = 
2 
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Chapter 7 
CONCLUDING DISCUSSION 
7.1 INTRODUCTION 
This study of the growth and body composition and demography of 
Svalbard reindeer makes a number of contributions to knowledge of 
population trends, mortality, fecundity, dispersal and, in turn , 
factors which influence the abundance of the most northerly deer 
in the world. First, by continuing a series of annual counts of 
reindeer begun in Adventdalen fifteen years ago, it was possible 
to show that there had been no overall change in the density of 
animals there during this time (Figure 2.9) . Second, drawing up 
an annual balance sheet of total births and deaths, combined with 
following the seasonal and annual movements of marked animals, 
showed that reindeer in Adventdalen constituted, in effect, a 
discrete sub-population . As a result, third, it was · possible to 
demonstrate that there was pronounced variation in annual rates 
of fecundity, mortality and dispersal. Using these data, fourth, 
it was found that although mortality (of calves and adults) 
accounted for the largest proportion of total annual losses (46%, 
Table 4.16) , and was therefore the principal facto r limiting 
numbers, the so-called key factor in this population was 
successful production of calves. Neither the rate of production 
of calves nor the rate of mortality was densit y dependent across 
years whi ch suggested , fifth, that the weather had . an important 
effect on the dynamics of the Adventdalen population. This was 
supported, sixth, by the finding that hi gh levels of mortality 
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were associated with above average duration of snow cover which, 
in turn, suggested, seventh, that one proximate causal factor 
limiting this population was the availability of winter forage. 
The importance of winter forage w~s confirmed by demonstrating, 
eighth, that the main cause of mortality was starvation late in 
winter and, ninth, that Svalbard reindeer were heavily 
dependent on feeding for maintaining energy balance in winter. 
Finally, this suggested that the ultimate factor which determined 
the abundance of reindeer was the quality and abundance of winter 
forage. 
7.2 INCREASE IN NUMBERS 1925 TO 1984 
Ten years ago neither the number of reindeer nor the trend in 
numbers were known for certain anywhere in Svalbard. One thing 
was clear, however: their numbers had increased during the pre-
ceding fifty years (1925 to 1975; section 1.3). There are pro-
bably two main reasons for this increase. First, survival pres-
umably improved as a result of the (1925) ban on hunting. 
Second, it seems likely that hunting had been the main factor 
limiting the abundance of reindeer in the years before they were 
protected (section 1.2). It follows that if the density of 
animals had been artificially maintained below ecological 
carrying capacity (K) for a substantial period (perhaps 20 or 30 
years prior to 1925), then the abundance of preferred diet plants 
is likely to have increased above K (see section 1.4). When 
hunting stopped, therefore, the standing crop of edible plants in 
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Svalbard probably exceeded K, owing to several decades of under-
grazing, and, consequently, the few reindeer which survived then 
presumably enjoyed an abundant supply of food. Under these 
circumstances, their numbers would .be expected to increase until 
reaching a new equilibrium (section 1.4). Moreover, given the 
absence of predation and serious disease in Svalbard (Chapters 4 
& 6), the final (equilibrium) density of animals would normally 
be expected to be determined by their resources. 
The population of reindeer in Adventdalen does appear to 
have reached a new equilibrium. It is evidently stable (sensu 
Holling 1973; see section 1.4), for there has been no net 
increase or decline in numbers since 1971. The apparent equilib-
2 
rium density in Adventdalen is 2.7 to 4.4 reindeer per km of 
productive ground below 200 m a.s.l. (Figure 2.9), or 0.5 to 0.9 
2 
reindeer per km total area . There have been several sugges-
tions since the early 1970s that different sub-populations of 
reindeer on Svalbard might no longer be increasing (section 1.3) 
but this is the first time that stability has been demonstrated 
in a population anywhere in the archipelago. 
7.3 TEMPORAL LIMITATION OR RESOURCE LIMITATION? 
Two alternative hypotheses have been proposed to account for 
population stability in Svalbard reindeer. The 'weather hypo-
thesis' (section 1.5) suggests that numbers might be held indef-
initely below ecological carrying capacity by random variations 
in the weather which result in increased mortality . The concep-
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tual model is that conditions in Svalbard are never good enough 
for long enough to enable the density of reindeer to increase to 
a level at which the animals begin to influence the rate of 
renewal of their food supply; the equilibrium density of the 
population is determined , instead, by the frequency of 'bad 
winters'. This might be called 'temporal limitation'. 
A second hypothesis (section 1.5) is that the abundance of 
reindeer might be limited by their resources. According to this, 
the explanation for stability of numbers in Adventdalen would be 
that the population is now at ecological carrying capacity which, 
by definition (see section 1.4), means that the reindeer 
are now both limited by, and have reached equilibrium with, their 
food supply. The fact that numbers may fluctuate from year to 
year owing to random variation in the weather is taken for 
granted: models of resource limitation model focus not on the 
frequency of fluctuations, which is the principal concern in 
models of temporal limitation (Reimers, White and Rusten 1977), 
but on what sets the level at which populations fluctuate. 
7.3.1 Dynamics of a stable population: the role of food. 
The population in Adventdalen was evidently stable but its 
numbers were not constant (Figure 2.9): the . net rate of growth 
between 1971 and 1984 was zero but annual rates of growth ranged 
from +43 to -47% (Table 2.13). However, neither the erratic 
pattern of growth nor the magnitude of the fluctuations was 
unusual for a predator free population of ungulates. The annual 
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rate of increase of the population of Soay sheep Ovis sp. on 
Hirta, for example, ranged from +75 to -55% during the thirty 
years after it reached ecological carrying capacity (Figure 1 . 6). 
Nevertheless, although neither the frequency nor the magnitude of 
a~d~ fluctuations in the number of reindeer in Adventdalen wasj remar-
kable, the dynamics of the population were unusual, for the 
reason that the rate of growth was influenced to an almost equal 
extent by changes in rates of mortality, dispersal and the 
successful production of calves (Chapter 4). This contrasts with 
results from studies of several different species of ungulates in 
which the main factor influencing rates of increase was variation 
in rates of mortality (Himalayan tahr Hemitragus jemlahicus, 
Caughley 1970; Soay sheep, Grubb 1974; reindeer, Leader-Williams 
1980b, Skogland 1985a; blue wildebeest Connochaetes taurinus, 
Podoler and Rogers 1975; African buffalo Syncerus caffer, 
Sinclair 1977). 
The principal cause of variation in the annual rate of in-
crease in Adventdalen (i.e. the key factor in the dynamics of the 
population) was variation in the rate of successful production of 
calves. Low production of calves was also the single main factor 
limiting population size, accounting for 31% of total annual 
losses compared to 23% for both adult mortality and mortality of 
calves aged 14 mo. (Table 4.16). Variation ,in rates of prod-
uction appeared to have been the result of changes in age-
specific rates of fecundity rather than of changes in the age 
structure of the population or in early post-natal calf mortality 
(Chapter 4). 
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Reproductive failure is rare in adult reindeer and caribou, 
at least in continental populations (Table 4.17; see also Skog-
land 1985a), and remains poorly understood. Low rates of preg-
nancy in Peary caribou (measured in late winter) were associated 
with low fat content (measured at the same time) and Thomas 
(1982) speculated that infertility in these animals might be 
associated with poor physiological condit ion during the rut. 
Dauphine (1976) had found that non-ovulation was an important 
cause of infertility in barren-ground caribou and showed that 
both the mean body weight and fat measurements of pregnant adults 
killed early in gestation (November and December) were signific-
antly greater than corresponding means in non-pregnant females. 
Condition, measured in terms of fat reserves, influences fertil-
ity at mating in sheep (Gunn, Doney and Russel 1969) and cattle 
(Wiltbank et al. 1962) but it has recently been shown that body 
weight, fatness, body size and previous reproductive history have 
independent effects on fertility in red deer Cervus elaphus 
(Alban et al. 1986). Consequently, it is not clear what proxi-
mate factors may be responsible for changes in fertility in 
cervids (see also Alban et al. 1983) and the body weight/ 
condition - fertility relationships in reindeer (Reimers 1983b) 
and caribou (above) have to be interpreted with caution . The 
present study, moreover, failed to detect any relationship 
between body weight or fat content of adult .female Svalbard 
reindeer shot in autumn and the rate of birth in the following 
spring (Table 7 . 1) . This result, however, was not conclusive 
because birth r a tes were measured in Adv entdalen, whereas the 
shot sampl e was co llected in adjacen t parts of Nordenski ~ld Land . 
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Table 7.1 
Relationship between body weight (kg), total dissectible fat 
content (kg) and fat index values among female Svalbard reindeer (aged ~2 yrs old) shot on Nordenski~ld Land in autumn (September 
and October) and the birth rate (calves : 100 females ~2 yrs old) 
in Adventdalen, Nordenski~ld Land in the following spring, 
IFBW (kg) TDF (kg) FI Birth rate (%) 
1980 (n = 5 ) 57.0 15. 1 13 . 5 24.6 
1981 (n = 10) 59 . 0 15 . 1 13.0 65.2 
IFBW Ingesta free body weight (section 5. 1. 2) 
TDF Total dissectible fat 
FI Fat index (sect ion 5. 2. 1) 
Cow:calf ratios in Adventdalen tended to decline as the 
density of the population increased (Figure 4.7) but the associ-
ation was not significant (section 4.4.3). Low rates of prod-
uction of calves, however, were clearly associated with high 
rates of mortality in late winter (Table 4.15). An alternative 
explanation for periodic reproductive failure in this population, 
therefore, might be that rates of conception in adults were 
normally high, on account of their high fat content in autumn 
(Table 5.8), but that some females aborted or resorbed their 
foetuses at a relatively late stage of gestation if they began to 
starve . 'Late abortion' (i.e . abortion or · resorption of the 
foetus more than two months after conception) is evidently rare 
in barren-ground caribou: Dauphine (1976) found only one case 
among 126 caribou shot late in winter and that animal may have 
had brucellosis. However, the population which he studied did 
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not normally suffer undernutrition in winter (ibid.). Mass late-
abortion coincident with starvation has been observed in at least 
one species of ungulate (pronghorns Antilocapra americana: 
Barrett 1984) . 
Late winter feeding conditions in Svalbard appear to be 
strongly influenced by snow and ice and presumably, therefore, 
cannot necessarily be predicted in autumn (but see section 
7 . 3 . 2 ) . Consequently, it might pay a female Svalbard reindeer to 
gamble on a pregnancy at each rut providing she has the option of 
abandoning her foetus in mid-gestation if conditions develop 
unfavourably. Alternatives to this would be first: once preg-
nant, attempt to carry young to full term regardless of feeding 
conditions or second : if relatively lean in autumn, don't con-
ceive. Clearly, if access to forage became severely restricted, 
animals pursuing the first of these two courses would jeopardize 
their own lives as well as that of their young. On the other 
hand, females pursuing the second course would risk wasting a 
whole year if the winter following a missed conception turned out 
favourable. My hypothesis, therefore, is that spontaneous abor-
tion or resorption of foetuses, perhaps as late as two-thirds of 
the way through g~station, i.e. mid-March, (1) may occur relat-
ively frequently in Svalbard reindeer, (2) represents an adapt-
ation to unpredictable changes in the food supply in winter and 
(3) accounts for the large changes in annual rates of production 
of calves which were observed in this study. This hypothesis 
specifically predicts that pregnancy rates in adult Svalbard 
reindeer will usually be high in the middle of winter (but, in 
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some years, may subsequently fall by as much as 90% before the 
end of May). 
The role of food in winter and its significance for survival 
in Svalbard reindeer has already been discussed at length 
(Chapter 5 & 6) and will not be mentioned further here. 
Emigration accounted for 24% of total annual losses in 
Adventdalen (Table 4.16) and appeared to be strongly density-
dependent. There appeared to be a "critical threshold" density 
(see Caughley 1977:66) above which reindeer began to disperse: 
substantial net emigration occurred only in winter 1983/84 after 
2 
the population had reached record density (5.1 reindeer per km ; 
section 2.5.4). It is surprising that dispersal played so small 
a part in controlling the abundance of reindeer in Adventdalen 
given that there were no physical barriers separating the study 
area from the rest of Nordenski~ld Land. The fact that there was 
no detectable net emigration during the first five years of this 
study, not even in the 'bad winter' of 1980/81 when 25% of the 
population died (Table 4.14), indicates that in Svalbard the 
costs of nomadism in winter or, in this particular case, of 
opportunistically seeking out better conditions when faced with 
adversity , must normally be outweighed by the benefits of staying 
within familiar (winter) home range(s). 
Hence , the winter exodus in 1983/84 apparently represented 
a breakdown of reindeers' normal pattern of behaviour. It co-
incided with heavy mortality (21% of the population died, Table 
4 . 14) and subsequently (June 1984) the lowest calving on record 
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(9.0%, Table 4.7). Both observations suggest that emigration was 
a response to an acute shortage of food. 
Abrupt shifts of distribution in response to severe condi-
tions in winter have been recorded in both reindeer and caribou. 
In the winter of 1956/57, for example, about 2 OOO wild reindeer 
left their traditional wintering ground at Sn~hetta, southern 
Norway, and moved 30 km east across a railway and road to 
Knutsh0. This emigration was triggered by two factors in combi -
nation: overgrazing of lichens in Sn~hetta combined with record 
snowfall which further reduced the~ capita abundance of 
forage. Most of the animals subsequently returned but in 
1972/73, after a similar movement, some stayed behind and founded 
what is now called the Knutsh~ herd (Skogland 1986). Miller, 
Russell and Gunn (1977~ thought that inter-island movements of 
Peary caribou, too, were due to locally restricted access to 
forage in winter. 
An important feature of 'erratic movements' (Geist 1971), as 
opposed to 'innate dispersal' (Howard 1960) in ungulates is that 
all age and sex classes participate . Innate dispersal is pre-
dominantly a male trait, at least in polygynous species . Rein-
deer of all age & sex classes moved to Knutsh~ (above) and the 
same was true of the great 'treks' of springbok Antidorcas 
marsupialis described by Child and LeRiche (1969) . However, in 
neither case was it known whether the migrants represented an 
exact cross-section of the population or whether one particular 
class of animals was more likely to join in. 
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Thirty-eight percent of emigrants from Adventdalen in 
1983/84 were calves (section 2.5.4) but these had represented 
only 23.7% of the population in July 1983. It is not unusual for 
Svalbard reindeer calves to be independent by February and March 
(when they are aged eight or nine months); lone calves or groups 
of two or three calves together are common in late winter (own 
observation). Hence, preferential emigration by calves may not 
simply have been a consequence of their following their mothers. 
Emigration must be a considerable gamble for Svalbard reindeer 
because they are normally sedentary and so are unlikely to have 
any knowledge of the terrain beyond their home ranges. The 
decision to leave presumably rests on assessment of the chances 
of surviving by remaining 'at home'. Presumably, in some years 
there comes a point when conditions in winter deteriorate to such 
an extent that animals have nothing to lose by emigrating 
albeit into unfamiliar territory. Calves usually suffered two to 
three times higher rates of mortality than adults in bad winters 
(Table 4.14) and perhaps, therefore, normally reach this critical 
stat~ sooner than adults. 
likely to emigrate. 
This might explain why they were more 
It was surprising that relatively more adult females (28 . 7%, 
n = 91) than adult males (18 . 3% , n = 42) emigrated in 1983/84 
(section 2.5.4) especially because males usually suffered higher 
rates of mortality than females (Table 4.14). Following the 
argument outlined for calves (above), therefore, a larger proper-
tion of males might have been expected to have left. Starving 
mammals, including humans , commonl y reduce their physical act-
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ivity (Cornish and Mrosovsky 1965; Keys et al. 1950; Westerterp 
1977; Muller-Schwarze et al. 1982) and ~ritsland (1977) has 
pointed out the potential survival value of minimising activity 
for Svalbard reindeer. Perhaps lower rates of emigration in 
males reflects a greater reliance on this compared to females 
whose weight-specific energy requirements would inevitably be 
increasing towards the end of winter due to pregnancy. 
In conclusion, all three principal components of the 
dynamics of the population in Adventdalen (i.e. rates of age-
specific fecundity, mortality and dispersal) were likely to have 
been influenced principally and directly by the supply of food in 
winter. The following section therefore discusses what factors 
influenced the winter food supply and, thus, what caused the rate 
of increase of the population to fluctuate. 
7. 3. 2 Factors influencing the food supply in winter. 
Food limitation can occur in two fundamentally different 
ways. First, as a consequence of reduction in the biomass of 
plants due to grazing and second, as a consequence of the effects 
of weather which can influence both the standing crop (due to 
changes in annual primary production) and the availability of 
forage (due to hard snow and ice). Snow a~d ice unquestionably 
severely restrict reindeers' access to forage each winter . The 
point here, however , is to find not what factor most limited the 
abundance of forage but what contributed most to variation in the 
abun d a n c e of fo r a ge between winters. 
262 
Grazing. The rate of increase of numbers (~) was strongly 
inversely density-dependent in years when the population achieved 
net growth (Figure 7.1). The regression of~ on density, 
however, predicted that the rate of increase would not have 
fallen to zero before the population reached a density of 5.2 
2 
reindeer per km, something which was evidently not the case 
(Figure 2.9). Moreover, neither rates of mortality nor of 
production of calves were significantly density-dependent across 
years (Figure 4.9). Evidently, any effects of grazing on the 
biomass of winter forage were overridden or masked by the effects 
of random variation in the weather. 
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Snow and ice. Rates of mortality and of subsequent production of 
calves were associated with the duration of snow cover although 
not with rainfall or mild temperatures (two factors likely to be 
important for formation of ice) in winter (Table 4.19). However, 
several variables besides the duration of snow cover are likely 
to have an important influence on the availability of forage . 
These include the extent of the snow cover and the depth and 
hardness of the snow all of which vary both spatially and temp-
orally throughout winter. Conventional weather observations, 
therefore, do not necessarily provide sufficient or appropriate 
information for deducing sn6w and ice conditions and, for this 
reason , it is almost inevitable that simple meteorological para-
1/\ ~"' cfl tV"Y~ ez,,,.d. h'<M.l meters make poor criteria for the severity of winteu. Hence it It 
is not possible to conclude whether or not food shortage in the 
'bad years' in this study was primarily due to reduced avail-
ability 
Primary production. A third factor which could potentially have 
an important influence on the food supply in winter is variation 
in annual primary production. 
considered before in Svalbard . 
This does not seem to have been 
The vegetation in Adventdalen is dominated by two commun-
ities, a Dryas heath (Polari-Dryadeturn R~nning 1965) and a 
Papaver dahlianum scree community, which together account for 
seventy-five percent of the productive ground there (42 and 33% 
respectively; Brattbakk 1985). Both attract little snow and 
therefore represent important winter grazing for reindeer. How-
264 
ever, plants growing on loose, well drained substrates with a 
high degree of e x posure, something which is characteristic of 
both communities, are likely to be subjected to severe water 
IV\ Cuw1V1AV 
stress / (Teeri 1973) and lack of moisture is likely to be an A._ 
important factor limiting primary production through depression 
of photosynthesis and cell growth (e.g. Caldwell, Johnson and 
Fareed 1978) . Unfortunately, there are no data on rates of 
primary production from Svalbard but it is interesting to note 
that each of the three 'die-off' winters in this study were 
preceded by summers with below average rainfall during the 
growing season (mid June to mid August; Table 7.2). 
In conclusion, therefore, erratic fluctuations in annual 
rates of mortality and the production of calves strongly 
indicated that the amount of food available per reindeer in 
winter varied considerably between years. The analysis in this 
section has shown that if changes in the food supply occurred, 
then it is likely that they were due primarily to the effects of 
random variation in the weather and not to grazing. It remains 
unclear, ho~ever, to what extent between year differences in the 
winter food supply may have been due to variation in primary 
production or to differences in snow and ice conditions. 
The importance of the influence of the weather on the winter 
food supply superficially lends support to tre hypothesis of 
temporal limitation of the abundance of Svalbard reindeer. How-
ever , the essence of the 'weather hypothesis' (see introduction 
to section 7.3) is that the density of reindeer is kept below 
ecological carrying capacity. But there is no reason to suppose 
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Table 7.2 
'Good years' and 'bad years': association between the annual rate of increase of the population of reindeer in Adventdalen and three climatic variables: (i) rainfall (mm) during the growing period in summer, (ii) the duration of snow cover and (iii) low temperatures in winter. Values less than the mean are under-lined. (Data from Svalbard Lufthavn, provided by Det Norske Meterologiske Institutt). 
Annual Frequency Mean min. 
rate of Rain- Snow low temps. temp . increase fall (days) (pentads) winter ( % ) (mm) ( 1 ) ( 2 ) ( 3) 
GOOD YEARS 
1979/80 43.1 28.8 205 15 -15.2 1981/82 25.4 63.9 217 14 -14.5 1982/83 15.9 17.5 243 7 -14.2 
BAD YEARS 
1978/79 -15.8 7. 1 270 20 -18.7 1980/81 -17.6 22.8 245 23 -19.0 1983/84 -47 . 2 12.3 241 12 -14.4 
Mean 23.8 233 16 -15.8 (1976-1984) 
Rainfall: Total rainfall between 20 June and 8 August. 1: Total number of days with ~30% snow cover. 2: Total number of pentads (periods of five days) with a 
mean temperature below -15°c. 
in 
3: Mean daily minimum temperature (October to April inclusive). 
that a population whose dynamics are strongly influenced by the 
weather cannot reach ecological carrying capacity, i.e. equilib-
rium with the food supply . Nor is the fact that the dynamics of 
the population in this study were influenced by the weather any 
argument against the suggestion that the population is already at 
ecological carrying capacity. On the contrary, the closer a 
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population approaches equilibrium the greater is the influence 
weather is likely to have on rates of birth and death. 
explored in the next section. 
This is 
7.3.3 Density-dependent and density-independent factors and the 
population dynamics of Svalbard reindeer. 
Grazing is a so-called 'density-dependent' factor: its 
effect on the biomass of plants depends on the number of animals 
present. Weather is a 'density-independent' factor: its 
effect(s) on the food supply do not depend on the number of 
animals present. The nomenclature is clumsy and causes confusion 
because the terms 'density-dependent' and 'density-independent' 
can be used to describe both the nature of factors which cause 
food shortage and the way(s) in which populations respond to a 
shortage of food. However, it is important to realize that so-
called 'density-independent' factors can cause so-called 
'density-dependent' effects. 
The number of animals which die from starvation in a given 
winter, for example, must depend on the average amount of food 
available per animal which, in non-territorial species , is a 
function of the number of animals present (although see ~omnicki 
1982). Thus, starvation mortality is neces~arily normally 
density-dependent. The fact that the biomass of plants may , in 
a given year, have been reduced by density-independent factors is 
irrelevant . In the well known case of the population crash of 
r ei n d eer on St Matthew Island, for e x a mple, where numbers f ell 
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from approximately 6 OOO to 42 during the course of the winter of 
1963/64 (Klein 1968), the proximate cause of food shortage was 
thought to have been formation of a layer of ice over the range 
which restricted the animals' access to forage. Thus the proxi-
mate cause of food shortage was a dens1ty-independent factor; 
obviously the number of animals present did not influence the 
extent of icing. However, the extent of mortality (99% of the 
population died) was presumably a consequence of the fact that 
the population density was so high to start with (18.1 reindeer 
2 
per km ; Klein 1968) . The range was heavily overgrazed by 1963 
(ibid.) but it is unlikely, nevertheless, that so large a prop-
ortion of the population would have perished had there been only 
600, or 60, reindeer on the island that autumn. 
The crucial point, made by Skogland (1985b) , is that density-
independent (causal) factors are only likely to have a major 
effect on the dynamics of a population of ungulates if they are 
"excessive" (e.g. severe drought - kangaroos Macropus rufus, t!_. 
fuliginosus and t!_. giganteus; Caughley, Grigg and Smith 1985: -
elephants Loxodonta africana; Phillipson 1978: or deep snow -
pronghorns Antilocapra americana; Barrett 1984: or severe icing -
reindeer; Klein 1968) or if the animals are already subject to 
food limitation (manifested in reduced body size and weight) as a 
result, for example , of high population d~nsity (e.g. African 
buffalo Syncerus caffer ; Sinclair 1977: - reindeer; Skogland 
1985b). If, by contrast, a population is below equilibrium 
density , then its members are likely to be buffered against short 
term changes in the (available) biomass of plants caused by 
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random climatic variation because there is already a surplus of 
food. This presumably explains why density dependence in key 
factors is unusual in populations at equilibrium (Varley, Grad-
well and Hassell 1973 in Clutton-Brock, Major and Guinness 1985). 
Were weather conditions 'excessive' in winters, or in 
summers preceding winters in which the population in Adventdalen 
declined? I selected two meteorological parameters (the mean 
daily minimum temperature in winter and total precipitation 
during the growth season), both of which appeared to be 
associated with the rate of increase of the population (see 
Tables 4.19 and 7.2), to test this. 
The mean daily minimum temperature in winter at Longyear-
byen/Svalbard Lufthavn (October to April inclusive , 1960-1984) 
was -15.9°C + 2.5°c (±. SD; range= -1 2.5°to -24.1°C; data from 
Det Norske Meterologiske Institutt). Mean daily minimum temper-
. ' 9 0 0 0 atures in the three 'bad winters were -1 .0, -18.7 and -14 .4 C 
in 1978/79, 1980/81 and 1983/84, respectively. Hence the first 
two 'bad winters' were not only colder than average but the mean 
minimum temperature in each was lower than one standard deviation 
from the overall mean 0 (= -18.4 C). The mean minimum temperature 
in the winter 1983/84 was 1 .s° c above the overall mean. 
The weather station moved 5 km from ~ongyearbyen to Svalbard 
Lufthavn in 1976 . Rainfall data (20 June to 8 August) are as 
follows: Longyearbyen; mean (1960-1976) = 33.0 ± 22.6 mm, range= 
9.8 to 106 .7 mm: Svalbard Lufthavn; mean (1976-1984) = 23.8 ±. 
18.0 mm, range= 7 .1 to 63.9 mm. Rainfall during the summers 
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preceding the three 'bad years' are given in Table 7.2. In each 
case , values are below but within on standard deviation of the 
mean. 
Rainfall and temperature data are shown in Figure 7.2; there 
are three important points. First , large annual fluctuations in 
summer rainfall and winter minimum temperatures appear to be a 
normal feature of the climate in Svalbard. Second, the weather 
was not 'excessive', in the sense of being beyond the range of 
preceding observations, in any of the three years in which the 
population declined sharply. Third, 1978/79 and 1980/81 were 
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Figure 7 .2 
Precipitation (mm) during the growing season (20 June to 8 August) and mean daily minimum temperature (°C) in winter (Oct-
ober to April inclusive). Data from Longyearbyen (1960-1976) and from Svalbard Lufthavn (1976-1984). Dotted lines indicate mean 
values. Years in which the population in Adventdalen declined 
sharply during this study are indicated with arrows. The population increased in each of the three intervening years (i.e. 1979/80 , 1981/82 & 1983/84 (see Table 2.13). 
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'bad years' according to both indices and 1978/79 was the worst 
of all; 1983/84, which was the worst year for reindeer (the 
population declined by 47.2%) was a 'bad year' in terms of summer 
rainfall but, surprisingly, the winter was favourable, measured 
in terms both of the frequency of cold days (Table 7.2) and 
minimum temperatures. Moreover, snow lay for fewer days in 
winter 1983/84 than in either of the two preceding 'bad winters' 
(Table 7.2). 
How, then, to account for the decline in numbers in 1983/84? 
Three factors, not yet considered, may have been involved. 
First, the density of the population was higher in summer 1983 
than at any other time in this study (Table 2.9). There would, 
therefore, have been intense competition for food in winter 
despite favourable weather and snow conditions. Second, there 
was a high rate of calving in 1983 and there were 184 calves in 
the population that summer, more than in any other year during 
this study (Table 2.9); third, there had been negligible adult 
mortality during the two preceding winters (Table 4.13). In 
autumn 1983, therefore, the population is likely to have been 
'top heavy' with animals of the two age groups (calves and old 
adults) which normally suffered heaviest mortality from starv-
ation (Chapter 4). These three factors, together with low rain-
fall in summer 1983, meant that heavy losses that winter were 
almost inevitable already in autumn. 
This study, therefore, while demonstrating that weather has 
an important influence on the population dynamics of Svalbard 
reindeer, failed to find evidence that heavy mortality or low 
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calving is associated with 'excessive' weather conditions . Dry 
summers and particularly cold winters occur from time to time, 
sometimes in the same year. Indeed, the combination of a summer 
with below average rainfall in the · growing season followed by a 
winter with below average minimum daily temperatures occurred 
eight times between 1960 and 1984 (Figure 7.2). The effects of 
such conditions , however, appear to be density-dependent. Dry 
summers followed by cold winters resulted in heavy losses of 
reindeer twice during this study when the population density 
-2 
already exceeded 2.7 reindeer . km productive ground . Moreover, 
in 1983/84, when the initial population density was 5.1 reindeer 2 
per km, less severe winter weather conditions resulted in even 
higher losses. 
Periodic die-offs and subsequent poor calving appear to be 
an integral part of the ecology of Svalbard reindeer. They are 
caused by a shortage of food in winter. It seems that shortage 
of food can occur in several different ways: through reduced 
production of winter forage in summer, through reduced avail-
ability of forage in winter and through increased competition for 
fo r age . All three fac t ors may interact. The population of 
reindeer in Adventdalen is stable and appears to hav e reached 
e c olog i ca l carrying capacity (K) . The present series of obser-
vations shows that heavy losses can occur f~equently once K 
densit y is reached . However, they appear neither to be caused 
b y, nor to r epre s ent , a breakdown of t h e n atural processes b y 
which the abund ance o f Svalba rd r ei n dee r i s r e gulat e d , p r ocesses 
which are becoming better understood. 
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APPENDIX 1 
Determination of the sex of carcasses :!2x_ measuring the breadth of 
the medial rim of the acetabulum (sections 2.2 & 2.4.3). 
INTRODUCTION 
The determination of sex of carcasses of reindeer and 
caribou (Rangifer tarandus) is complicated because both sexes 
normally carry antlers. Growth curves of males and females 
diverge sufficiently that the length of several long bones can be 
used to distinguish the sex of a carcass if its age at death is 
known (see Bergerud 1964, Dauphine 1976, Leader-Williams 1980, 
Miller 1974, Reimers 1982, 1983). This technique, however, has 
three disadvantages: first, the results are not always con-. 
elusive; second, age determination usually involves considerable 
delay; third, constructing growth curves requires a large amount 
of fresh (known sex) material which it may not always be possible 
to collect, especially from protected populations, e.g. Svalbard 
reindeer (R, t. platyrhynchus). 
Several species of ungulates show pronounced sexual dimor-
phism in the breadth of the ventral-medial border (rim) of the 
acetabulum, the rim being broader in males · than in females 
(Lemppenau 1964:20). There was some overlap between the sexes in 
the size range of MRA breadths in european moose (Aloes aloes), 
chamois (Rupicapra rupicapra) and roe deer (Capreolus capreolus) 
but in european bison (Bison bosasus), fallow deer (Dama dama), 
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ibex (Capra ibex) and red deer (Cervus elaphus) the size ranges 
of the two sexes were discrete (ibid.). Armitage (1977), more-
over, found sufficient differences in the breadths of the rim to 
distinguish between the carcasses of male, female, and castrated 
Soay sheep (Ovis sp.). This appendix presents results from a 
study of sexual dimorphism in the rim of the acetabulum of Sval-
bard reindeer. 
MATERIALS AND METHODS 
Specimens 
Two hundred and ten innominate bones of Svalbard reindeer 
0 0 
were collected on Nordenski~ld Land, Svalbard (78 N. lat., 16 
E. long.) between 1980 and 1983. Reindeer were considered in the 
following age classes: adults (age >24 months), yearlings (age 12 
to 24 months) and calves (age <12 months). The material included 
bones from 41 females (38 adults and three yearlings) which were 
shot and from the carcasses of 169 animals which died of natural 
causes (Chapter 6). Fifty two of the latter (49 adults and 
three yearlings) were identified as males from inspection of 
external genitalia and/or antlers: the antlers (or antler 
pedicels) of large bull reindeer are unmistakable. These males 
and the shot females constituted a control group. The sex of the 
remaining 117 specimens (63 adults, four yearlings and 40 calves) 
could not, at first, be determined from inspection alone. 
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Measurements 
One femur was removed from each carcass thereby exposing the 
acetabulum which could then be inspected with the pelvis in situ. 
The narrowest breadth of the ventral-medial rim of one acetabulum 
was measured on each reindeer to 0.1 mm with calipers (Figure 
A. 1). 
ST 
\ 
ST 
\ 
5cm 
Figure A.1 
Drawing of the . innominate bone (right hand side; ventral aspect) from an adult male and an adult female Svalbard reindeer, showing 
the ventral-medial border of the acetabulum (arrowed). 
ST= sacral tuberosity. 
The age at death of each specimen was determined either from 
the pattern of eruption of permanent mandibular molariform teeth 
(reindeer aged Oto 36 months) or by counting annulations in the 
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cementum of first incisor teeth (reindeer aged >36 months; 
Leader-Williams 1979a). 
Analysis 
Frequency distributions of rim breadths (mm) of the control 
and 'unknown' samples were compared using Mann-Whitney 'U' tests 
(Siegel 1956). The significance of the moment statistics g 
1 (skewness) and g (kurtosis) for each distribution was tested 
2 
using the t statistic by the method of Sokal and Rohlf 
( 19'69: 171) . Age-specific variation in the breadth of the MRA was 
examined using Kruskal-Wallis one way analysis of variance. The 
null hypothesis was rejected at P <0.05 in all cases. 
RESULTS 
Adults 
There was pronounced sexual dimorphism in the breadth of the 
medial rim of the acetabulum of adult Svalbard reindeer: the 
ranges of breadths in males and females from the control sample 
did not overlap (Figure A.2). The rim was substantially broader 
in males than in females, as expected from Lemppenau's (1964) 
study. Data from the 'unknown ' adults also had a bimodal distri-
bution with no overlap between size ranges. This allowed the 
'unknown' specimens to be sexed with confidence (Figure A.2). 
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10 12 14 
Frequency distribution of the breadth of the medial border (rim) 
of the acetabulum (innominate) in Svalbard reindeer >24 months 
old. Stippled bars: control sample; open bars: 'unknown' sample. 
There were no significant differences between the frequency 
distributions of control and 'unknown' samples of the same sex, 
so the data were combined by sexes (Figure A.2, Table A.1). The 
data were not normally distributed in either sex: neither distri-
bution was significantly skewed but both were significantly 
leptokurtic (males: g = 3.01, t = 9.83, P <0.001; females: g = 
2 s 2 2.17, t = 8.31, P <0.001), This was not an artefact of the age 
s 
distribution of the samples because the breadth of the rim did 
not vary significantly with age either in males (H = 9.90, df = 
6, P >0. 1 ; age range of the combined sample= 6 to 12 years old) 
or in females (H = 6 . 65 , df = 13 , P >0 . 5 ; age range of the 
combined sample= 2 to 15 years old). 
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Table A.1 
Innominate bone of Svalbard reindeer aged >24 months: breadth 
(mm) of the medial border (rim) of the acetabulum. 
Breadth (mm) 
----------------------
median SD range N 
Males 11.0 1 . 4 7 
-
13 62 
Females 3.4 0.8 1 
-
4 88 
Yearlings and calves 
The prominent rim wh ich forms the ventral-medial border of the 
acetabulum in adults was invariably poorly defined in calves and 
could not be measured. None of three males and four 'unknown' 
yearlings had a well defined rim on the medial border of their 
acetabula. However, the rims were distinct on the innominate 
bones of three female yearlings; their breadths varied from 3 . 0 
to 3.5 mm, which is within the size range for adult females 
(Table A.1). 
DISCUSSION 
Measuring the breadth of the rim of the ventral-medial 
border of the acetabulum is a simple and effective way to distin-
guish the sex of carcasses of adult Svalbard reindeer. The 
method has two advantages over measuring long bones: first, the 
result is conclusive and quick; second, only a minimum of dissec-
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tion and cleaning is necessary, making it suitable both as a 
field technique and for inspection of butchered carcasses. 
Sev eral pelvic criteria for determining the sex of carcasses 
of ungulates have been described previously (see Armitage 1977; 
Edwards, Marchinton and Smith 1982; Lie 1973; Lochmiller, 
Hellgren and Grant 1984; Klein 1968). These, however, are either 
qualitative or require that the pelvis is dissected out intact 
and cleaned . The most useful qualitative criterion found in the 
present study was sexual dimorphism in the shape of the sacral 
tuberosity, as described in sheep by Boessneck 1969 and Armitage 
( 197 7). In male Svalbard reindeer it was broad and flat; in 
females it was usually pointed (Figure A.1). 
The ridge which extends anterior from the ventral-medial 
border of the acetabulum, forming its rim, is the point of origin 
of M. iliacus. In ruminants this muscle is fused with tl• psoas 
major forming tl, ilio-psoas which is the prime flexor of the hip 
joint. Pronounced sexual dimorphism in the breadth of this ridge 
appears to be a secondary sexual characteristic in reindeer and 
other ungulates and may be associated with the heavier muscul-
ature of males compared to females. This might explain the 
absence of sexual dimorphism, or even clear definition of a 
ridge, in calf and immature males specimens in this study. 
The non-normal distribution of rim breadths is not easy to 
interpret . Boessneck (1969) has pointed out that the fine 
anatomy of the pelv is c a n change in adult s h eep : the number o f 
pregnancies that a ewe has experienced, for e xample, wi l l 
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influence the conformation of these bones. The majority of 
specimens used in this study came from adult animals over seven 
years old . A further study of the relationship between rim 
breadth and age with a large sample of specimens from sub-adult 
and young adult animals would be of interest . 
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APPENDIX 2 
Radio tracking reindeer in 1982: summary of animals, collars, 
radio frequencies and data collected. 
Collar colour: RED BLUE BLUE-YELLOW GREEN RED-YELLOW 
Transmitter 
frequency 150.916 150.530 150.944 150.955 150.936 (MHz) 
Age(a) (years) >3 >3 >3 1 or 2 1 or 
Captured(b) 7/2 8/2 8/2 8/2 21/3 
Last located(b)26/8 6/8 7/8 21/8 
No. days(c) 200 179 180 137 
No. times located: 
-----------------
Feb. - May 42 43 12 1 7 ( d) 
June - Aug. 18 4 1 3 
Total 60 47 13 20 
a: Age in Feb. 1982 (from inspection of incisor teeth). 
b: Dates are given as day/month. 
6/8 
94 
24 
9 
33 
2 
Total 
-----
138 
35 
173 
c: Number of days between capture and the last occasion in 1982 
on which each animal was located. 
d: Contact with "BLUE-YELLOW" and "GREEN" was lost for six weeks 
after after they were released, owing to difficulties in 
using the radio equipment. "GREEN" was subsequently discovered 
350 m up on the plateau of Bolternosa, only about 2 km from where 
she had been captured (Figure 3.3). Thereafter, until 22 June) 
signals from here were received on the floor of the valley, 
indicating that she stayed close to the lip of the plateau. 
Thus, on 15 out of the 17 occasions on which "GREEN" was located 
in winter, she was detected by radio but not actually seen. 
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APPENDIX 3 
Date of calving (section 4.4.1): data. 
Date of census Centre Calves Adult Breeding Births 
day females females to date 
( n) ( n) ( n) * ( % ) 
1979 
31 May - 2 June 1 June 0 95 24.4 0 
4 5 II 4.5 If 1 10 2.4 -
6 If 6 II 2 49 12.6 15 . 9 
8 If 8 II 6 30 7.7 77.8 
19 - 24 If 21. 5 If 6 24 6.2 97.3 
28 - 29 II 28.5 16 48 12.3 100 ( M) 13 - 20 July 56 218 56 100 
1980 
2 - 3 June 2.5 II 6 38 30.2 19.9 
4 - 5 II 4.5 19 32 25.4 74.7 
6 - 10 If 8 II 47 84 66.8 70.4 
12 - 16 14 114 129 102.6 100 ( M) 27 - 28 171 215 171 100 
1981 
3 - 5 II 4 0 57 13.1 0 
6 II 6 II 1 61 14.0 7. 1 
17 17 " 13 26 6.0 100 ( M) 8 - 12 July 56 244 56 100 
1982 
22 - 24 May 23 May 0 98 56.2 0 
6 June 6 June 4 23 15.0 26.7 ( M) 5 - 8 July 157 274 157 100 
* Calculated from the ratio of calves (alive and dead) to adult 
females during the main summer census ( M) . 
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APPENDIX 4 
Bones of newborn calves found outside five fox dens in 
Adventdalen (section 4.5.2). 
Cranium 
Femur 
Fibula 
Humerus 
Innominate 
Mandible 
Metacarpus 
Metatarsus 
Radius 
Scapula 
Tibia 
Ulna 
Total 
Number found 
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1 
10 
3 
2 
1 
4 
4 
8 
3 
5 
9 
3 
53 
APPENDIX 5 
Life tables for Svalbard reindeer (aged >1 year old) in 
Adventdalen (sections 4.3.1 & 4.5.3). 
Age 
1-5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
N 
0 
0 
1 
8 
5 
6 
10 
5 
4 
2 
1 
YK f ,e 
,c 
1. 68 
14.48 
9.75 
12.60 
22.60 
12. 15 
10.48 
5.64 
3.03 
FEMALES 
d )( 
0 . 02 
0.16 
0. 11 
0. 14 
0.24 
0. 13 
0. 11 
0.06 
0.03 
92.41 1.00 
1. 0 
1. 0 
1. 0 
0.98 
0.82 
0.71 
0.57 
0.33 
0.20 
0.09 
0.03 
q,c. 
0 
0 
0.02 
0. 16 
0. 13 
0.20 
0.42 
0.42 
0.55 
0.67 
1. 0 
N 
0 
1 
8 
16 
24 
11 
41 
1 
0 
1 
1 
2.04 
18.40 
41.44 
70.08 
36.19 
4.80 
4. 17 
4.70* 
5.29 
5.96 
203.97 
MALES 
d 
" 
0.09 
0.20 
0.35 
0.18 
0.07 
0.02 
0.02 
0.03 
0.03 
1. 00 
l 
X. 
1. 0 
1. 0 
0.99 
0.90 
0.70 
0.35 
0. 17 
0. 10 
0.08 
0.06 
0.03 
N (fx): number of reindeer of each age class found dead from 
natural causes from 1979 to 1982. 
r: the exponential rate of increase of the male/female 
population in Adventdalen from 1979 to 1983; (males= 
0.119, females= 0.074). 
*: One phantom 13 year old inserted. 
2 8 4 
q" 
0 
0 
0.09 
0.22 
0.50 
0.51 
0.41 
0.20 
0.25 
0.50 
1. 0 
APPENDIX 6 
Calculating the daily energy expenditure of adult female Svalbard 
reindeer in winter (see section 5.3.2) . 
1 . ESTIMATING DIFFERENT ENERGY COSTS. 
The total amount of energy which a reindeer expended during 24 h 
in winter was calculated as a function of body weight. Daily 
energy expenditure was partitioned between different expenditures 
-1 
and separate estimates (kcal.day ) were made for each of the 
following: 
a) Minimum energy expenditure - so-called ' fasting metabolism' 
(includes repiratory heat loss), 
b) Activity - grazing (feeding, walking between bites & digging 
snow), 
c) Gestation, 
d) Energy retained or secreted, 
e) Metabolic responses to cold , 
f) Thawing food . 
-1 
1 Watt (W) = 1 J.s or 3 600 s / 4.185 cal x 1 OOO 
-1 
= 0 . 8602 kcal.h 
M = total body weight on day j. 
j 
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a. Minimum daily energy expenditure. 
Resting metabolic rate (standing) of female Svalbard reindeer 
in winter : 
-1 
= 1.55 W.kg (Nilssen, Sundsfjord and Blix 1984). 
Fasting heat production (f.h.p.) (standing) in winter: 
-1 
= 1 . 3 W.kg (Nilssen, Sundsfjord and Blix 1984; f . h . p . by 
extrapolation to zero food intake). 
-1 
= 1.3 W.kg x 48 . 8 kg x 3 600s x 24 h / 4.185 cal x 1 OOO 
-1 
= 1 310 kcal.day 
Minimum daily energy expenditure (i.e. f.h.p., lying): 
-1 
= 1 310 kcal.day less the energy cost of standing. In both 
= 
= 
= 
cattle and sheep the incremetnal energy cost of ptanding over 
-1 -1 
lying is 2.4 kcal.kg . day (ARC 1980) . Hence, the minimum 
energy expenditure of Svalbard reindeer 
-1 
1 310 - (48.8 kg x 2.4 kcal) kcal.day 
[(1 192 kcal/ 24 h) / 0.8602] / 48.8 kg 
-1 
-1 
(Nilssen (1985) calculated 1 . 15 - 1.19 W.kg 1.2 W.kg 
using estimates of the cost of standing in 
elk calves (Robbins, 'Cohen and Davitt 1979)) 
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b. Activity. 
Activity budget of Svalbard reindeer in winter*. 
Activity 
Grazing (12.9 hours.day 
- feeding 12.9 h 
- walking 12.9 h 
- digging 12.9 h 
Lying down, ruminating 
Walking 
-1 
) 
X (80.3 
X ( 4.3 
X (15.4 
Social and other activities 
* Data from Chapter 3. 
Costs of different activities. 
I 100 %) 
I 100 %) 
I 100 %) 
hours.day 
10.36 
0.55 
1.99 
10.7 
0.3 
0.1 
24.00 
-1 
Feeding: in sheep, the energy cost of feeding is approximately 
37% more thanthe cost of standing (Graham 1964). The fasting 
heat production (standing) of Svalbard reindeer was estimated 
to be 10% greater that their fasting heat production (lying). 
Thus, the energy cost of feeding is 1.37 x [f.h.p. (lying) x 
-1 
1 . 1] W.kg 
Digging snow: in caribou, the mean cost of digging snow is 
0.060 - 0.065 kcal per stroke (Fancy and White 1985; Thing 
1977). These values are the repective · rneans of Thing's EF and 
ES values, calculated assuming that Svalbard reindeer lifted 
no snow when digging and of Fancy and White's values for 
caribou digging in three different types of snow. 
Lying down and ruminating: this includes the cost of 
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mastication, increased activity of the endocrine glands 
associated with chewing and the cost of propelling food 
through the gut . In sheep, the energy cost of rumination is 
-1 -1 
approximately 0 . 24 kcal . h .kg (Graham 1964). 
Walking : the energy cost of horizontal locomotion in Svalbard 
reindeer is given by y = 0 . 99x + 0.08 , where y is their 
-1 
-1 
metabolic rate (W.kg ) and x is their velocity (km.h ) 
(Nilssen, Johnsen, Rognmo & Blix 198 4 ). 
-1 
animals walked at 3 km . h 
I assumed that the 
Social and other activities: in late winter Svalbard reindeer 
spent 0.1 h per day on social and other activities (see 'b' 
above). I assumed that these cost twice as much as standing. 
c. Gestation. 
According to Moen (1973) the cost of gestation in ruminants 
(Q 
ep 
2 . 8935 + (0 . 0174 t / 0.7429) -1 
= e kcal.day 
where, t is the day of gestation , 0 . 74 29 is the gestation 
period of reindeer di v ided by the gestation period of cattle. 
The length of gestation in Svalbard rein~eer is not known; I 
assumed that it was 208 days , the same as in caribou (McEwan 
a n d Whi t e h e a d 197 2) . The net cost o f gestation duri ng a given 
per iod in wi n t er was cal c u l a ted a s s uming that Svalbar d 
reindeer gave birth on 5 June. The mean dat e s o f April a nd 
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= 
May collections (9 April and 20 May) thus represented 
approximately the 148th and 189th days of gestation, 
respectively, and the mean cost of gestation between these 
dates 
t = 189 
I -1 Q I (189 - 148) kcal.day 
ep 
t = 148 
Expenditures (d), (e) & (f) were set at zero. Svalbard reindeer 
lost weight in winter and it is unlikely that there was net 
retention of energy, Energy loss in milk is another potential 
variable. The length of lactation in Svalbard reindeer is 
not known. Although calves are occassionally seen seeking their 
dam's udder and apparently suckling as late as March or April, 
suckling bouts late in winter never last more than a few seconds. 
It is unlikely that they recieve significant quantities of milk: 
all adult females shot in April or May were dry. It has been 
assumed that energy losses from lactation were negligible after 
October. 
Svalbard reinde~r are superbly insulated by their long coat. 
The lower critical temperature of adult females in winter is less 
0 
than -50 C in still air (Nilssen , Sundsfjord ,& Blix 1984) . The 
rate of heat transfer across their pelt appears to be little 
affected by wind (N.A,0ritsland, personal communication). 
Nilssen et al. (op. cit .) have pointed out that lower critical 
temperature is not necessarily a good indicator of thermal 
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protection in ruminants because it depends on their total heat 
production (including heat of fermentation) and, hence, on the 
level of feeding. Nevertheless, it is a reasonable assumption 
that Svalbard reindeer normally suffer no additional energy cost 
for maintaining heat balance during winter. 
The model of energy expenditure presented here is deliberately 
conservative. Expenditures (d) to (f) are likely to be small but 
not necessarily insignificant . By excluding them, reindeers' 
energy expenditure in winter is likely to be underestimated. 
Hence the potential contribution which their reserves could make 
towards their total energy requirements in winter may, if 
anything, tend to be overestimated. 
2. CALCULATING TOTAL DAILY ENERGY EXPENDITURE. 
Grazing (feeding): 
= body weight (kg) x cost of feeding x time spent feeding 
-1 
= 
= 
= 
= 
M 
j 
M 
j 
kg X 1.37 X [f .h. p. (lying) X 1.1) W,kg X 0 .8 602 X 10,36h 
-1 
kg x f.h . p, x 13.43 kcal.day 
Grazing (walking between bites) : 
' -1 
I assumed that reindeer walked at 3 km.h 
-1 
M 
j 
M 
j 
kg [(0.99 X 3 km.h ) + 0.08) X 0.8602 X 0.55 h 
-1 
kg x 1.44 kcal.day 
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Grazing (digging snow): 
= energy cost per stroke (kcal) x number of strokes per minute x 
total time spent digging per day+ f.h.p. during that time 
-1 
= [0 . 60 kcal x 24.2 strokes.min 
f.h.p. X 0.8602 X 1.99 h] 
x 1 . 99 h x 60 min.] + [M x 
j 
-1 
= 173.37 + [M x f.h.p x 1.71] kcal.day 
j 
Lying down and ruminating: 
= incremental cost of rumination+ time spent ruminating per day 
= 
= 
= 
= 
+ f . h . p. during that time 
(M 
M 
j 
j 
kg X 0.24 X 10.7 h) + [M 
j 
kg X f,h,p, X 0.8602 X 10.7 h] 
-1 
kg x 2. 57 + [M kg x f.h.p. x 9.20] kcal.day 
j 
Walking (other than while feeding): 
cost of walking x time spent walking per day 
-1 
M 
j 
M 
j 
kg [(0.99 X 3 km.h ) + 0.08] X 0.8602 X 0 .3 h 
-1 
kg x 0.79 kcal.day 
Social and other activities: 
= energy cost of activities x time spent doing them per day+ 
f .h. p . during that time, 
= M kg X f.h.p. X 2 X 0.8602 X 0.1 h 
j -1 
= M kg x f.h.p . x 0.17 kcal.day 
j 
Thus, a reindeer's total energy expenditure on day j of winter 
(not including the cost of gestation) 
= {M kg X [(4 X f.h.p. + 13 .43 + 1.44 + 1 .7 1 + 2.57 + 9.20 + 
j 
0.79 + 0.17)] + 173.37} 
-1 -1 
= {M kg x [(4 x f.h.p. W.kg ) + 29.3] + 173} kcal.day 
j 
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APPENDIX 7 
Causes of mortality in Adventdalen : data from cases where death was either witnessed or where the cause was evident from inspection of the carcass (see section 6.4.1). 
Adults & yearlings Calves 
Cause M F u M F u Total 
Shot legally 17 14 1 32 Cliff fall 17 4 2 5 28 Rut 15 15 Broken bones 2 4 1 7 Tangled in wire 5 1 6 Poached 2 3 5 Killed by dogs 1 1 1 1 4 Still born 2 2 Drowned 1 1 Died giving birth 1 1 
TOTAL 59 25 5 3 9 101 
M: males; F: females; U: Unidentified. 
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PLATES 3 to 5 
' 
Plate 3 (next two pages) 
The extent to which a reindeer's carcass had been eaten by scav engers gave an indication of whether it had died early or late in winter. Most carcasses, like those of the calf (A) and adult female (B), had large amounts of fur and flesh remaining when they were inspected in summer. Such animals were assumed to have died late in winter . In contrast, the carcasses of animals which had died early in winter, like the adult male (C) which died in or shortly after the rut , had invariably been completely stripped by the following summer. Hence, animals which had evidently died in winter (shown , for example, by the length of the pelt) but whose carcasses had been e x tensively eaten, like the adult female (D), were considered to have been early winter casualties. The scale pole is graduated in 10 cm . 


• 
Plate 4 
Svalbard reindeer are very fat in autumn but lean in 
]ate winter. Compare the fat deposits and well devel-
oped muscles of a female Svalbard reindeer calf (A) 
shot in August (aged approximate]y 10 weeks) with 
those of an adult female shot in Apri 1 (B) . 
• 
Plate 5 
Ad11lt female Svalbard reindeer gnawing crustose lichens 
off a rock in late winter (April). 
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